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ACAL now” 


RS: 


present their 
000 watt Single 
Side-Band Station 


Frequency range 3-15 Mc/s. 
4 pre-set crystal controlled channels 
Full remote control 


Simplex or duplex operation 


TA83 500 watt (p.e.p.) , 
3 Transmitter 
_ RA87 SSB Receiver 
~ 1A105 Control Unit 


Write for 
details NOW 


4 im R/A/C/A/L| 


RACAL ENGIN EERIEIN G LimMtite oO 


WESTERN ROAD, BRACKNELL, BERKS, ENGLAND. Tel: Bracknell 941 Telegrams/Cables: RACAL BRACKNELL BERKS 
4 OVERSEAS: Agents operate in most territories throughout the world. @ha) 
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The QF 41 Cell already used 


ine. Radar 


throughout the world has 
been chosen for the D7 Series 


of Decca Mar 
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FERRANTI LTD 


: DUNDEE 87141 


DUNDEE Tel 


KINGS GROSS ROAD 


DS/T 
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MAKING IN 
MILLIONS 


... we have been making fuses 


for almost thirty years 


We make millions of fuses and fuseholders in a most com- 


prehensive range of types and sizes. Where our range— 


extensive as it is—does not provide for your particular 
needs, we are always prepared to discuss special types. 

We are specialists in components. This is no empty phrase: 
it means that we have been engaged in the design and 
manufacture of precision-made components for some thirty- 
five years, and at Enfield we devote a very great deal of our 


time and space to research, forever seeking new and better 


are covered by 


methods of production, whilst ensuring that every component Most ‘‘Belling-Lee’’ products are 
patents or registered designs or applications therefor. 


BELLING ¢ LEE LTD 


maintains our high standard of performance. 


TERMINALS - PLUGS & SOCKETS 


FUSES - INTERFERENCE FILTERS ; 
THERMAL DEVICES - RECEIVING AERIALS Telephone: Enfield 3322 - Telegrams: Radiobel, Enfield 


GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX., ENGLAND 
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Which of these could solve your problem? 


Newmarket Transistors Limited have added the following 
transistors to their range :— 


The new Noodle Transistor Fast Switching Transistor 
(V15/I5SNP V15/30NP V30/15NP. V30/30NP) (Vr10/1S Vro0/28) 

1. Amplifies at Io amps. I. Phenomenal peak current performance— 
2. American diamond construction interchangeability. will switch Soha Beane ta ae peak. 

3. No fixing screw problems. 2. Fifty Milli-microseconds risetime. 

4. Cold welded case for increased reliability. 3- ZN, Collector One nee : 

5. Higher frequency operation. 4. British standard cylindrical construction. 


5. Cold welded case for increased reliability. 


V.H.F. Drift Transistor 
(V15/20 OR) 

1. Oscillates up to 100 M/Cs. 

2. Amplifies up to 20 M/Cs 

3. Jedec 30 case. 

4. Higher operating voltage. 


Send for data sheets of these 
transistors. Ask also for copy 
of our booklet “‘Semiconductor 
Device Data’’ if you do not 
already have one. 


Newmarket Transistors Limited. 
EXNING ROAD, NEWMARKET, SUFFOLK. 
Telephone: Newmarket 3381 /4 Cables: Semicon Newmarket. 
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We make an extensive range of the most 
up-to-date cables for modern telecommunication 
systems, including the associated accessories 

and loading coils. 

Facilities are available for the installation 


of complete cable networks anywhere in the world. 


SIEMENS EDISON SWAN LIMITED ~An A.E.!. Company 
Telephone Cable Department P.D.2 
Woolwich, London S.E.18 Telephone: Woolwich 2020 
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WORLD-WIDE 
EXPERIENCE 


S.T.C. are supplying main line microwave telephone 


systems to 16 countries and have already supplied systems 


with a capacity of over 1 million telephone circuit miles, 


2000 television channel miles and an equal capacity of standby 


equipment. 


S.T.C. are supplying and installing 4000 Mc/s multi-channel 
microwave telephone systems for the New Zealand Post 


Office Administration over the 260 miles main line route from 
Hamilton to Palmerston North. 


Working and standby radio channels are’equipped with auto- 


matic baseband switching equipment for interruption-free 


service. The remote control and supervisory circuits are 


carried by a separate U.H.F. radio system (S.T.C. type 
HTR-15C) operating in the 400-420 Mc/s band. 


S.T.C. are also supplying :—Antennae systems, Towers, Cables 


for entrance routes, and Transmission Testing Apparatus. 


-New Zealand—one of 16 countries having 


S.T.C. MICROWAVE SYSTEMS 


ELECTRONIC 
SYSTEMS 
GROUP 


Srondord Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 
TRANSMISSION DIVISION: NORTH WOOLWICH ; LONDON : E.16. 
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G.E.C’s outstanding contribution towards meeting the demand 


for new and -better telecommunications is clearly illustrated by the large and 


increasing number of V.H.F. radio equipments supplied throughout the world. 


EVERYTHING FOR TEL. 


THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND . TELEPHONE, RADIO AND TELEV 
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Improved splice loading with the L219 


The new 
economical 
loading coil 


Arising from the increasing demand for a smaller coil which can be 
employed in splice loading, the L219 has been developed. In the design 
Mullard Equipment Limited were assisted by their own production 
experience and information given by overseas users. The result is a 
simple, low cost component (to grade 3 spec.) suitable for small or 


large splice loading units. 
N e 


By using a new grade of Ferroxcube pot core 
the overall volume of the coil is considerably 
reduced. The coil is resin sealed in a small 
cylindrical aluminium canister ensuring com- 
plete protection from climatic effects. The 
windings of the coils are brought out on fly- 
ing leads. 


Smaller 
construction 


LIFE SIZE COIL 
L219 


Key factors in this development are the 
clamping arrangements which, with the 
new coil, permit much smaller splice 
housing. On small cables, coils are 
mounted lengthways in pairs with great 
compactness. For larger cables, coils 
are mounted radially, each mounting 
plate accommodating up to seven coils. 
Clamping plates, coils, etc. can be 
supplied as kits. 


Permits 
smaller 
splices 


Please write for full details of these new loading coils 


MULLARD EQUIPMENT LIMITEL 


A Company of the Mullard Group 
Mullard House- Torrington Place- London W.C.1 - Telephone: Langham 663 


@ MBE61 
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on 
Complex connection 


From their wide selection of plugs and 
sockets, MODAC offer a standard range 
of rectangular and circular miniature 
connectors, to which is soon to be added 
a sub-miniature range with combinations 
of 10, 16, 28 and 34 contacts. 


The main feature of this advanced design 
is the independently sprung, multi-point 
contact which provides self-cleaning, 

low contact resistance and is ideal 

under conditions of vibration. 


MODAC is equipped for the design 
of connectors to customers’ 
specifications and to supply any of 
their range as cable assemblies. 


They are more than willing— 
at any time—to come to grips with 
your general wiring problems. 


© Modac miniature and sub-miniature connectors 


‘Modac’ is a Registered Trade Mark 


for further information and a copy of the ‘Modac’ 
‘4 _ catalogue, please contact: 


Modern Acoustics Limited 
Contact Connectors Division 


MANOR WAY - BOREHAM WOOD - HERTS - ELSTREE 3636 
Agents for British Commonwealth Countries: Plessey International Limited + Ilford + Essex + Ilford 3040 
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FOR THE FIRST TIME IN. BRITAIN 


HIGH GRADE RESISTORS AT LOW COST 


FIG. |. DERATING CURVE 


A new Dubilier process makes available to the 100 


design engineer a power wire-wound resistor 
possessing high-grade characteristics which costs 
no more than an equivalent standard type. The 
resistance wire is uniformly wound on a silicone- 
processed fibre-glass core which is then sealed into 
a ceramic housing. The result is a remarkably 
stable resistor which is completely insulated except 

for the connecting wires. a0 20 40 60 80 100 120 


AMBIENT TEMPERATURE - DEGREES CENTIGRADE [| 


80 


60 


Percentage of Rated Load 


PERFORMANCE UNDER OPERATING oo, Fiael. TEMEER ATURE Riso one 
CONDITIONS ee 
S 
AD) 
%* Resistance change less than 5% after 100 hours at = 200 
40°C. ambient temperature and 95% relative - 
Lees 8 
humidity. & 150 
* Resistance change less than 2% after three times a 
normal load for 5 seconds. Y 
z !00 
%* Resistance change less than 5% after 500 hours at 2 
full load in 25°C. ambient temperature. : = 
*% Resistance change less than 1% and no physical s 
effects due to soldering. ee : 
0 20 40 60 80 100 120 


PERCENTAGE OF RATED LOAD 


MAXIMUM TEMPERATURE COEFFICIENT 
BETWEEN —55 AND +275°C. 


ERE PW5 PW7 PW 10 


TYPE 0.05% /°C. 0.03% /°C. MEG ue ¢ me 
Min. Value 0.50 0.5Q 1.0Q, 

PVW5 0:50%to250) 2.5Q to 2.0kQ Max. Value 2.0kQ 6.5kQ 10kQ 

PW7 > 0.5Q to 8.00 8.00 to 6.5kQ Length y" 15/40 IZ" 


PW 10 1.0Q to 10Q 10Q to 10kQ 


DIU BS LE 


Width and height of all three types are 3” and ''/;," 
respectively. 


Catalogue RISA available on request. / 


DUBILIER CONDENSER CO. (1925) LTD + DUCON WORKS VICTORIA ROAD : NORTH ACTON : LONDON W.3} 


TELEPHONE: A 22 
h CORN 2241 TELEGRAMS: HIVOLTCON WESPHONE LONDON 
DN 7 
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RADIO 
CHANNELLING 
EQUIPMENT R24B 


e For up to 24 carrier channels 

@ Fully transistorised and compact 
e Advanced components, construction and design 
e C.C.1.1.T. performance 


e Inbuilt signalling equipment, 
dialling or ring down 


This equipment combines up to 24 speech 
circuits, in two groups of twelve, into a 
composite signal for feeding into suitable 
v.h.f. and u.h.f. transmission systems. 

A complete twenty-four channel terminal 
occupies one bayside. For further details 
request leaflet. TEL. 3301 


AUTO 


- STROW 
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§ [= ihe, 
Type 361 { 2 ey \ Type CSL/100 
miniature Feed-thru N he 
Ceramicony: : ? 


Pe eet}, ~ 
Type 2461 shoulder Feed-thru - 
/ ee: Fe 
' and Type 2461/HL hooked lead ‘ 
{ shoulder Feed-thru Ceramiconsy 


J kal See 


va AS 


Spade 
Ceramicony 


Under the Erie principle of living together, we not only develop many new 
products, of which this is a very small selection, but also give much assistance 


- both in the application of the product, and in the techniques of assembly. ; | 
a a ~ 

<< Se te x wo i 

a : 

{ 


o 
Type 2163C 


ionisation-free = 
¢ e 
< ome 
* 


Type CFS2 
fluorescent lamp 


Type 821 
ionisation-free 
starter switch high voltage 


Ceramicony disc Ceramicony 


w7 
Great Yarmouth and Tunbridge Wells, England: Trenton, J _-. 
Ont., Canada: Erie, Pa. Holly Springs, Miss., and 


| 

/ 

Hawthorne, Cal., U.S.A. R E $ i $ T 0 R 1 
cst Moi te 6 | 


Registered Trade Marks 
Illustrations actual size 


1, HEDDON STREET, LONDON, W.1 
Telephone: REGent 6432 


/ 


FACTORIES 
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volt 


BRITISH SERVICES PREFERRED TYPE 
M8225/CV4080 


The high performance of the Mullard stabiliser 
75C1 has led to the recent adoption of its 
Special Quality equivalent M8225/CV4080 by 
the British Services as their Preferred 75-volt 
stabiliser. The M8225/CV4080 is tested for 
specialised applications in which conditions of 


rc Wide Current Range . 
a 2 to 60 eee 

’ 
g tr hock i i : 
Small Regulation Voltage - extreme shock and vibration are encountered 


; Less than 9 volts 


es 2 


@ High Stability . 
eee nueee TYPE 


¢ 
Typical variation in ee voltage 
less than + 2% inany 10,000 hours 


of operation. WU 


al The 75C1 is the best 75 volt stabiliser available 
in the world for general purpose use in industry 


| and communications. It has the same electrical 
characteristics as the M8225/CV4080 and like 
this British Services Preferred valve provides 
an exceptional combination of long life, stability 
and good regulation. 


Full data is readily available 


_ from the address below. wn 

: 

f/ 

| 

; 

; MULLARD LIMITED 

—muovoe EE Mullard§ Ga 

; TORRINGTON PLACE SE, 
GOVERNMENT AND 


LONDON - W.C.1I 
TEL: LANGHAM 6633 


INDUSTRIAL VALVE DIVISION 


@mvr3ss 


I + 1 CARRIER SYSTEM E.T.L.14 


This single channel carrier system is used over an 
existing two-wire line to provide an extra speech 
circuit between 3.3 kc/s and 8.7 kc/s. The equip- 
ment will operate satisfactorily without repeaters 
over some 400 miles of open wire line. Signalling 
over the carrier circuit is at 500 c/s equivalent, 
standard 17 c/s ringing is used between the 
carrier terminal and the switchboard line. 

Each terminal can be supplied in a metal 
cabinet or in rack mounting form. Power con- 
sumption is less than 0.25 watts and the system 
can be energised from mains, trickle charged 
accumulator or dry batteries. 


F.M.T.17 


The F.M.T.17 is intended for use over existing 
audio circuits. It enables frequency modulated 
duplex telegraph signals to be transmitted 
simultaneously with normal speech, without 
mutual interference and without any increase in 
bandwidth. Telegraph speeds are sufficiently 
high for good teleprinter operation and facilities 
are provided for single and double current 
working. The equipment is of unit construction 
and can be supplied for rack mounting or in a 
metal cabinet. Power requirements are very 
modest and operation can be from 12 or 24 volts 
D.C. or direct from mains. 


COMPANDORS 


The compandor offers an economical means of 
improving performance on circuits which suffer 
from induced noise or crosstalk. It consists of 
two units, the compressor which operates in the 
transmit path, compressing the dynamic range in 
the ratio 2 : 1, low level signals being raised with 
respect to high levels and the expander which is 


fitted in the receive path to restore the relative 
levels. Overall insertion loss is O db. Power is 
obtained from 12 volt batteries or suitable mains 
units; only 0.12 watts is required per compandor. 
The equipment is suitable for panel mounting and 
a standard 34” deep panel will accommodate eight 
units, i.e. four compressors and four expanders. 


ransmission equipment 


Ericsson Transmission Equipment is being developed con- 
tinuously to meet the requirements of all administrations. 
Recent developments include the following fully tran- 
sisterised items— 

Multi-channel Carrier Termination equipment for use 
over radio and cable circuits. 

A frequency modulated telegraph system enabling 
telegraph signals to be transmitted simultaneously with 
speech over existing telephone networks without increased 
bandwidth requirements. A single channel carrier system 
providing an extra two-way speech circuit over an existing . 
open wire line. 

Compact low-priced companders to give improved 
performance on radio and carrier circuits suffering from 
excessive induced noise and crosstalk. 

A compact 7-channel stackable rural carrier system 
suitable for bothway junction circuits and at a price which 
makes it economical to use for individual subscriber services. 


FREQUENCY DIVISION MULTIPLEX 


TCS.12 equipment provides groups of 12 channels of 
C.C.1.T.T. performance in the 60—108 kc/s spectrum and 
assembled into groups ‘and supergroups for frequency 
division multiplex systems. 

Sub-groups of 3-channels are used and a feature of the 
equipment is the ease with which a programme circuit can be 
substituted for one of the sub-groups. Speech-immune 
signalling paths at 3825 c/s equivalent are employed and the 
signalling circuits will handle 17 c/s ringing or automatic 
dialling. Current requirements are approximately 1.5 amps 
at 24-50 volts D.C. per nine foot rack of 36 channels. 


OR aa ee a A, ee ee ee ee ee a. ee 
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cuts cost space and maintenance 


The associated frequency generating apparatus 
is controlled by a master oscillator (shown left) of 
high stability. Duplicate equipment is supplied 
and this together with automatic changeover 
provides a service of extreme reliability. Fre- 
quency checking, monitoring and alarm facilities 
are incorporated in the equipment and the whole 
carrier supply apparatus can be readily extended 
to meet all carrier supply requirements from 
12 channels upwards. 


am 


/ ENGLAND 


E116A 


ERICSSON TELEPHONES LIMITED — ETELCO LIMITED 


HEAD OFFICE: 22 LINCOLNS INN FIELDS, LONDON, W.C.2. TEL. HOL. 6936. 
WORKS:— BEESTON, NOTTINGHAM AND SUNDERLAND. 
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Marconi in Telecommunications 


The post and 
telegraph 
authorities 
of more than 
80 countries 
use Marconi 


equipment 


onmmeeomnan™ 


| 
MARCONI COMPLETE COMMUNICATION SYSTEMS | 
SURVEYED > PLANNED: INSTALLED = MAINTAINED . 


| 
| 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, gee 
, 7 
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Se SRS 


sURVIVA Mlasc4000/cv4000 


Z TESTS PROVE M-O.V. In his article (given at the 4th National Symposium of Reliability 


and Quality Control in Electronics in New York). Mr. R. Brewer* 
SPECIAL QUALITY describes the tests carried out on M-O.V. Special Quality valves. 
VALVES ARE In comparing the reliability of these Special Quality valves with 

that of their commercial equivalents, he states:—‘‘ the Special 

SEVEN TIMES MORE Quality valves are about seven times better than their commercial 


RELIABLE THAN equivalents.” 

*Research Laboratories of the General Electric Co. Ltd., Wembley. Reprints 
~ COMMERCIAL of Mr. Brewer’s article, which first appeared in the April 1958 issue of 
“ “British Communications and Electronics’’, are available on request from the 


EQUIVALENTS M-O. Valve Co. Ltd. 


he “Percentage within limits curves for M-O.V. 
‘Special quality valves and for commercial valves.”* 


The table shows in detail the results obtained by the comparative life- 
Wee re testing of special quality valves and their commercial equivalents. Of this 
and the vibration-fatigue test, Mr. Brewer writes:— ‘“‘... tests carried out 
on four types of Special Quality valves have shown a high order of relia- 
* hility in both types of test. The development of these valves has benefitted 
from the study of the causes of failures occurring in the life tests of com- 
mercial valves. This study has shown how valve assembly, processing and 
design faults can affect life, andit has thus provided an important feedback 
path by which improvements in valve reliability have been made.”’ 


ee 
COMMERCIAL EQUIVALENTS TO" ee 
SPECIAL QUALITY VALVES - 


P-] 
o 


% WITHIN: LIMITS 
2 
. 


“Comparison between Special Quality valves and commercial 


) 200 400 600 US AE equivalents on 500-hour electrical life test.” 


HOURS LIFE 


Type references Reliable Commercial 


% outside No. outside | % outside 
limits No. run limits limits 


No. outside 
lirnits 


Reliable Commercial No. run 


2 CV4005 U78 2 L 9 1.9 
CV4014 Z77 1,245 4 0.32 991 22 22: 
CV 4062 N78 2 4 2:3 


| Totals ... 


THE M-O.VALVE CO. LTD. 


BROOK GREEN - HAMMERSMITH + LONDON, w.e. | Please write for further information on 
the range of Special Quality valves 


sous manufactured by the M-O. Valve Co. Ltd. 
A subsidiary of the J y 
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vast experience in the 


science of telecommunications 


yA 
As a result of years of experience in the Comprehensive Telecommunication Systems fees 
world of telecommunications, we have an Public Telephone Exchanges =< 
unsurpassed wealth of knowledge of this Private Telephone Systems <— 
science, which is freely offered to you as part Wel ao USEC oA Monge) aa 
of the incomparable Siemens Ediswan service. Caren Pelephone sya aE 
F.M.V.F. Telegraph Equipment rk a ™= 
V.H.F. Radio Telephone Terminal a 
SIEMENS EDISON SWAN LTD. Marine Signalling Apparatus Ss 


PUNE Ses , srs : Radio Equipment 
Telecommunications Division, Woolwich, London S.E.18 = 
Telephone: Woolwich 2020 Control & Indicating Apparatus 

= 
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DIMENSIONS (with lever as shown) 
Gin. high x 2t4in. wide x 3$in. deep 


RATING 10 anip a.c. or d.c. 


THE SNAP-ACTION LIMIT SWITCH TYPEL.S.5 


Note these features of design: x Operating lever secured in any position 
over 360° with micrometer adjustment 
* Accurate repetitive tripping 

* One switch can operate two independent circuits Send for 

* Oil-proof and weatherproof enclosure iLLUSTRATED 

* Three alternative methods of mounting 

* Stay-put or self-reset operation in either direction, LEAFLET 

arranged on site without extra materials or special tools No. 85/25-1 

x Mechanical ‘knock-off’ safety device 
* Renewable silver-to-silver double-break contacts 
* Self-lubricating bearings 


ASSOCIATED ELECTRICAL INDUSTRIES LIMITED 
MOTOR & CONTROL GEAR DIVISION_____8UGBY & MANCHESTER, ENGLAND 
INCORPORATING THE MOTOR & CONTROL GEAR INTERESTS OF BTH & M-V mM 
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“os,  Ferranti Ltd. were the first company in Britain to introduce Silicon 
-; semiconductor devices as used in magnetic amplifiers, in aircraft, guided 
missiles, radar and computers. Until recently they were the only firm in 
the United Kingdom supplying silicon diodes in quantity. Commencing 
{., their programme of research and development in 1954, they have already 
made outstanding contributions to technique, and are now producing at 
Gem Mill, Oldham well over half-a-million silicon diodes annually in the 
widest range offered by any British manufacturer. 
Among the 120 or more different devices are rectifiers, fast diodes, zener 
diodes, tetra-layer diodes and triodes, alloy junction transistors, diffused 
junction transistors, photo-voltaic cells, voltage variable capacitors and 
many new ones. 


Data Sheets, Application Reports etc., advice and assistance in techniques 
of application are freely available. 


FERRANTI 


SILICON 


{| SEMICONDUCTOR 
DEVICES 


| 
| 


” FERRANTI ‘LID - GEM MILL - _CHADDERTON OLDHAM - LANG: 
London Office: KERN HOUSE 


i 


FE 190 
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POWER ano CONTROL 


E.D.C.C. machines and control gear are 


available to meet most requirements. 
Standard units for straightforward 
applications and ‘tailor made’ 
specials for the 


most diverse uses. 


Ce oe ey) ee a) op a 


Recently supplied to the Welsh 
College of Advanced Technology, 
Cardiff—a multiple motor 
generator set, comprising 


; 
{ 


4 machines and two control desks. 
: The machine unit comprises :— 
’ @ 7h.p. synchronous motor (left) arranged as dynamometer 
@ 4kVA alternator with rotatable stator 
© 4kVA alternator @ The complete unit can be split into two motor-alternator sets 
@ 7h.p. D.C. variable speed motor, arranged as dynamometer, 
complete with Tacho-generator 
 BLECTRO]|S/-DYNAMIC 
t 
4 CONSTRUCTION COMPANY LIMITED 
: ST. MARY CRAY - ORPINGTON - KENT - TELEPHONE: ORPINGTON 27551 - GRAMS: ELEDAMIC ST. MARY CRAY 
CONTROL GEAR DIVISION: BRIDGWATER SOMERSET TEL: BRIDGWATER 2882 GLASGOW OFFICE: 40 HOULDSWORTH ST C3 TEL: CENTRAL 2620 
P,2827 
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Actual Size 


Gen JerCol 1 watt SILICON ZENER DIODE: 


@ Have a large @ Are suitable for 


bois 3 Z2 SERIES ZENER DIODES 
dissipation for use as regula- 
Shy ae imi 
their size tors, limiters, 45% Voltage NOMINAL 
surge suppres- Tolerance VON 
@ Are suitable for sors, and voltage (Red and Green 
4 A Sleeves) Z2A33F 3.3 
high tempera- references Z2A36F 3.6 
ture operation ae 7 
@ The first com- +107 Voltage rer = 
Tol A : 
@ Have a low tem- plete range of peices Z2AS6F 5.6 
(Red and Yellow Z2A62F 6.2 
perature co-effi- close -tolerance Sleeves) Bes es 
cient of voltage ZENER Diodes Z2A82F 8.2 
: A Z2A91F : 
available from +20% Voltage TOA IOOF 10. 
production Tolerance SOA I20F 2 
(Red and Blue Z2AI30F 13 
Characteristics and ratings of SenTerCel Sleeves) Z2A150F 15 


Zener Diodes are given in publication MF/103 


| 
Standard Telephones and Cables Limite 


Registered Office: Connaught House, Aldwych, London, W.C.2 


COMPONENTS 
GROUP 


RECTIFIER DIVISION: EDINBURGH WAY - HARLOW .- ESS 
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A NEW CONCEPT 


Ee ee ee ee Oe eee) eee 


Mullard 


+e 


adjustable pot cores gives you 


outstanding advantages 


@ Wide range of sizes Mullard Vinkors are the most efficient 
adjustable pot core assemblies com- 
@ Easily assembled mercially available. In addition to high 


performance, they have the distinct 


@ Close tolerance 
permeability 


advantage of close tolerance permea- 
bility, thus enabling designers to 
precalculate to within +3%Y% the induct- 


ance of the core when wound. Final 
@ Precise and easy 


inductance adjustment 


adjustment, taking into account normal 
capacitor tolerance, can be easily 


effected to an accuracy of better than 


@ Stability 0.02%, by means ofasimple self-locking 
device built into the core. 

@ Single hole chassis Write today for full details of the wide 

mounting range of Vinkors currently available. 


_ Mullard 


ee eal 
eeemee asses esese ne eee eee 


VINKOR POT CORES 


fallar ° ‘ W.C.1 
MULLARD LIMITED - COMPONENT DIVISION - MULLARD HOUSE - TORRINGTON PLACE : LONDON iow 
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60 channels per 
bayside... 


complete with carrier and 
power supplies 


SIEMENS EDISWAN new equipment construction (E.C.3) 
offers this space saving advantage as well as these 
other features: 


@ 120 channel bay from 2 independent mountable baysides 
bolted back-to-back 


Complete with carrier and power supplies and inbuilt 
‘outband signalling 


e 
@ Plug-in units 
@ 


Fully transistorised; designed and built to C.C.I.T.T. 
standards : 


® Complete and easy access to all components 


@ Uses standard 9 ft. by 204 in. bays, allowing immediate 
incorporation into existing station arrangements 


Station cabling terminates at each 6-channel block 


the frontiers of telecommunications 


SIEMENS EDISON SWAN LTD An AE.I. Company 


Telecommunications Division P.D.8 Woolwich, London, S.E.18. Telephone: Woolwich 202 
Telegrams: Sieswan Souphone London 
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K345 Series 


01 
Reflex Klystrons 


5925 to 8025 Mc/s 


“ENGLISH ELECTRIC 


ENGLISH ELECTRIC VALVE CO. CTD. 
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The K345 series has been developed by the English 
Electric Valve Co. Ltd. to provide reliable 
reflex Klystron oscillators for transmitter service 
over the frequency range from 5925 to 8025 Mc/s. 
These valves are suitable for microwave links and 
many other applications. 

The seven valves of the series cover the frequency 
range in steps of 300 Mc/s, the power level being 
one watt. They are designed to be equivalents of the 
VA220 tubes both in performance and overall 
dimensions and are interchangeable with them. 
Good linearity of the frequency versus reflector 
voltage characteristic ensures low F.M. distortion. 
A special feature of the K345 is its external cavity 
which improves the frequency stability. The simple 
screw tuner in the coupled cavity provides a con- 
veniently slow tuning rate and, being external to the 
vacuum envelope, ensures longer operating life. 

For further details and for the complete range of 
Klystrons manufactured, please write to the English 
Electric Valve Co. Ltd. 


Typical Operation (at 7370 Mc/s) 


Resonator voltage 750 V 
Resonator current 72 mA 
Reflector voltage — 350 V 
Output power 1.0 W 


Electronic tuning between 3 dB points 30 Mc/s 
Modulation sensitivity 250 kc/s/V 


Mechanical tuning rate 100 Mc/s/turn 


Chelmsford, England 
Telephone: Chelmsford 3491 


AP/130 
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“Tf on this 14 acre site at Leyton you 
are producing more insulated wires 
and strips than any other factory in 
the world, you must have a very 
efficient production system.” 


“Well, the plant is very modern, 
of course—we’ve installed a lot 
of new machines lately. The 
main point is that production 
never stops.” 


“You mean literally never? Night 
and day, right round the clock?’ 


“That’s it. We have maintenance 
schedules, obviously, but the only 
answer to continuous demand is 
continuous supply.” 


= 


WIRESMITHS TO THE ELECTRICAL WORLD 


THE LONDON ELECTRIC WIRE COMPANY 
AND SMITHS LIMITED 
LEYTON + LONDON - Ero 


oo 


KLYSTRON POWER UNIT 


TPE 81856 


Developed and 


manufactured for the 
MINISTRY OF SUPPLY 


in conjunction with the 
ROYAL RADAR 
ESTABLISHMENT 


Now offered for general use, the 

Klystron Power Unit enables low voltage 
Klystron oscillators to be operated with an 
exceptionally high degree of frequency and 
power stability. 


SPECIAL FEATURES 


@ 2 Power Supplies in one unit for operating 
Klystrons either singly or in pairs—separate 
controls for each supply. 

@ Modulation—square and saw-tooth wave provided 
by internal oscillators. 


@ Highly stable ten turn helical potentiometer for 
adjustment of the cathode output voltage. 


Send for leaflet 176 


Airrnec 


AIRMEC LIMITED - HIGH WYCOMBE - BUCK 
TELEPHONE: HIGH WYCOMBE 2060-4 
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Sticking our necks out? 


G.E.C. announce maximum junction temperature 
uprating to 85°C for their audio transistors. 
We know this claim isn’t too tall because we have sound reasons for making it. 
Recently our manufacturing techniques have been improved to the extent 
that life tests show that we can now quote an 85°C continuous working 
maximum junction temperature for G.E.C. germanium audio transistors. 
As a result of this, the already high maximum collector dissipation 
ratings have been increased even further. These new ratings, 
coupled with the typical alpha cut-off frequencies of about 1Mc/s, 
make the G.E.C. range of audio transistors unique. 


L9f¢4 Ga AUDIO TRANSISTORS 


[\\ 


LOW POWER?t MEDIUM POWER? 


LOW NOISE 


Visit the Maximum collector 
< Maximum noise Maximum collector dissipation 
INTERNATIONAL factor=5dB gegen on oe at 45°C—800mW 
f=Ikc/s, Rs=500 2 at 45°C—=200m om 
TRANSISTOR Ae Soman) Sees aay, at 55°C=600mW 
ARS , (on 3” x 3” cooling fin) 
Exhibition 


ic(pk)(A) 


EARLS COURT 
MAY 21-27 


GET106 


15 


Vce(pk)(V) 


tNew high gain types *Re/Rb>0.03 Can be supplied in matched pairs 


G.E.C. Semiconductor Division, School St. Hazel Grove, Stockport, Cheshire. Tel: Stepping Hiil 3811 
London enguiries Tem. Bar 8000, Ext. 10 
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40 VOLTS/SEC 


AUTOMATIC CORRECTION 


—with the type 
TCVR voltage regulator 


The TCVR is a servomechanical automatic voltage 
regulator having the very high speed of correction of 
FORTY VOLTS PER SECOND. It provides an 
undistorted output, maintained constant within very 
close limits (normally +0.5%) from no-load to full- 
load, for wide variations in frequency and power factor. 


A wide range of models from 1.6 to 12 kVA single- 
phase, and 4.8 to 36 kVA three-phase, is available, 
to standard or tropical specification, in cabinets or for 
rack-mounting. Models are also available in which 
the output voltage is continuously adjustable over a 
wide range by means of a panel control. Regulators 
can be supplied to Services’ specification, and special 
models can be designed to order. 


For high-speed, accurate stabilisation without 
distortion—specify TCVR. 


Blaude Lyons ftd. (€) 


( xxx ) 


Type TCVR-7000. 
Rack-mounting 


version. 


Other products of Claude Lyons Ltd. Stabiliser Division 


BMVR: Motor-driven laboratory and industrial regulators ranging from 1:6 to 29 kVA 
single-phase, and 4:8 to 87 kVA three-phase. Constancy of output normally + 0°5%, 
from no-load to full-load. No distortion. Speed of correction 1 Volt/Sec. A great 
variety of models, standard,. tropical and militarised, for all applications. 


BAVR: Electronic stabilisers of very high accuracy, and very rapid response, with no 

moving parts. Input range: - 10% to + 5%, output constancy + 0.15%. Three sizes: 

foe, & 1000 VA. Exceptionally useful for control of chemical processes, heating, 
ting, etc. 


ASR: Automatic step regulators, small, inexpensive, and with sinusoidal output waveform. 
Two sizes : 1:15 kVA and 2:3 kVA. Input range - 10% to + 5%; output constancy, +2}%. 


ATC: Automatic Tap-Changing Transformers —a development of ASR. Two sizes: 
575 VA and 1150 VA. Input range - 20% to + 10%: output constancy, + 5%. Provide 
adequate stabilisation for many types of apparatus, at low cost. Also useful as pre- 
regulators, e.g. in conjunction with BAVR. 


We shall be pleased to send you full details of our entire range. 


Stabiliser Division VALLEY WORKS >» HODDESDON : HERTS - TELEPHONE HODdesdon 4541-4 
CL/47/E2B 


THE JOURNAL OF 


The British 
Nuclear Energy Conference 


The Institution of Civil Engineers 
The Institution of Electrical Engineers 
The Institution of Chemical Engineers 
The Iron and Steel Institute 


The Institution of Mechanical Engineers 
The Institute of Physics 

The Institute of Metals 

The Institute of Fuel 


The Joint Panel on Nuclear Marine Propulsion 


8 


PUBLISHED JANUARY, APRIL, JULY, OCTOBER 


The Journal contains papers and discussions on the applications 


of nuclear energy and ancillary subjects 


ANNUAL SUBSCRIPTIONS: 
MEMBERS 30/- post free 


NON-MEMBERS 60/- post free 


Full particulars are available from 


The Secretary * B.N.E.C. * 1-7 Great George Street * London * SW1 
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Marconi in Radar 


29 Countries use 


Marconi Radar 


COMPLETE CIVIL AND MILITARY 
MARCONI RADAR INSTALLATIONS 


* 7 D- 
MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENG 
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~LAMINATIONS 


Laminations of all types, in all 
sizes and in all grades of material 


FERROSIL 
hot-rolled and cold-reduced elec- 
trical sheet and strip, and hot- 
rolled transformer sheet 


ALPHASIL 
cold-reduced oriented transformer 
sheet and strip 


RICHARD THOMAS & BALDWINS LTD 


LAMINATION WORKS: COOKLEY WORKS, BRIERLEY HILL, STAFFS. 
MIDLAND SECTION OFFICE: WILDEN, STOURPORT-ON-SEVERN, WORCS. 
HEAD OFFICE: 47 PARK STREET, LONDON, W.1 { 


Our Cookley Works is one of the largest in Europe specializing in the manufacture of laminations for the electrical industry. 


THE INSTITUTION OF ELECTRICAL ENGINEERS 


presents 


THE 
INQUIRING MINL 


A film outlining the opportunities for a career 


—most in demand 


— oe 


in the field of electrical engineering | 
Producer: Oswald Skilbeck Director: Seafield Hea 
Commentator: Edward Chapman | 


Copies of the film may be obtained on loan by schoo: 
and other organizations for showing to audiences « 
boys and girls interested in a professional career i 
Other products include electrical engineering. The film is available in eithe 
Vitreous coated Silicone 35mm or 16mm sound, and the running time is 30 mit 
and Glass Bond | 
Resistors, Transformers, Fs ae Is Application should be made to | 
me / SII II 


Chokes & Interleaved Coils. 
THE SECRETARY 


Trade Mark 


UST RAL CORPORA TONe Won THE INSTITUTION OF ELECTRICAL ENGINEERS) 
E 5 


RS STE So LECMNTO MONT o WAYS | 
Tel : WELbeck 8114/5 SAVOY PLACE, LONDON, W.C.2 
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These 3 
outstanding 
uniselectors 


provide long life 
and reliability 
in operation 


eo te one 


The high speed motor uniselector 


has an availability of 52 outlets in a half 
revolution with up to 16 parallel channels, 
and is capable of high speed search if 
_ required. It is also suitable for scanning 
and other collection functions, or for the 
- routing of information to a multitude of 
points. It can be brought to rest at any 
- desired outlet by means of simple circuitry, 
and a homing drive is provided so that it 
can be readily restored to the normal 
position. Arrangements can also be made 


_ for step-by-step working. 


a eae 


ve 


The digit switch 


is specifically designed for step-by-step 
operation in response to impulses, and has 
an availability of 12 outlets with 8 parallel 
channels. It may be used to set up .a 
marking condition for the control of the 
Motor Uniselector. 


The miniature uniselector 


is a compact switch of unique design which 
occupies no more space than a standard 
3000-type relay. It has an availability of 
12 outlets with 3 parallel channels. A great 
advantage is that it incorporates a plug-in 
type of mounting so that the entire device 
can be removed and replaced without 
detaching any soldered connections. 


Full technical information will gladly be supplied on application 


SIEMENS EDISON SWAN LTD 


An A.E.1. Company 
Telecommunications Division, P.D.7. 


Woolwich, London S.E.18. 


Telephone Woolwich 2020 Ex. 326 TA 2139 


PD 7/3 
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Publications of 
THE INSTITUTION OF ELECTRICAL ENGINEERS 


Journal of The Institution—Monthly 
Proceedings of The Institution 


Part A (Power Engineering)—Alternate Months 
Part B (Radio and Electronic Engineering—including Communication Engineering)— 
Alternate Months 
Part C (Institution Monographs)—In collected form twice a year 


Special Issues: 


VoL. 94 (1947) Part IIA (Convention on Automatic Regulators and Servomechanisms) 
Vo. 94 (1947) Part IIIA (Convention on Radiocommunication) 
VoL. 97 (1950) Part IA (Convention on Electric Railway Traction) 
VoL. 99 (1952) Part IITA (Convention on the British Contribution to Television) 
Vot. 100 (1953) Part IIA (Symposium of Papers on Insulating Materials) 
Heaviside Centenary Volume (1950) 
Thermionic Valves: the First 50 years (1955) 

VoL. 103 (1956) PART B SUPPLEMENTS 1-3 (Convention on Digital-Computer Techniques) 
Voc. 103 (1956) Part A SUPPLEMENT 1 (Convention on Electrical Equipment for Aircraft) 
Vow. 104 (1957) Part B SuppLeMENT 4 (Symposium on the Transatlantic Telephone Cable) 
VoL. 104 (1957) PART B SUPPLEMENTS ’5—7 (Convention on Ferrites) 

Vov. 105 (1958) PART B SupPpLeMENT 8 (Symposium on Long-Distance Propagation above 30 Mc/s) 
VoL. 105 (1958) PART B SuppLeMENT 9 (Convention on Radio Aids to Aeronautical and 
Marine Navigation) 

VoL. (105 1958) PART B SUPPLEMENTS 10-12 (International Convention on Microwave Valves) 


* 
PROCEEDINGS - Paper and Reprint Service 


PAPERS READ AT MEETINGS 
Papers accepted for reading at Institution meetings and subsequent republication in the Proceedings 


are published individually without delay, free of charge. Titles are announced in the Journal of The 
Institution, and abstracts are published in Science Abstracts. 


REPRINTS 
After publication in the Proceedings all Papers are available as Reprints, price 2s. (post free). The Reprint 
contains the text of the Paper in its final form, together with the Discussion, if any. Those who obtain 
a copy of a Paper published individua]!y—if they do not take the Part of the Proceedings in which it will be 
republished—are urged to apply in due course for a Reprint, as this is the final and correct version. 


CONVENTION PAPERS 
Papers accepted for presentation at a Convention or Symposium, and subsequent republication as a 


Supplement to the appropriate part of the Proceedings, are published shortly before the Convention, but 
are usually available only in sets. No Reprints are available. 


MONOGRAPHS 
Institution Monographs (on subjects of importance to a limited number of readers) are available separately 
price 2s. (post free). Titles are announced in the Journal and abstracts are published in Science Abstracts. 
The Monographs are collected together and republished twice a year as Part C of the Proceedings. 


An application for a Paper, Reprint or Monograph should quote the author’s name and the seri 

2 g serial 
number of the Paper or Monograph, and should be accompanied by a remittance where appropriate. For 
convenience in making payments, books of five vouchers, price 10s., can be supplied. 


SCIENCE ABSTRACTS 


Published monthly in two sections 
SECTION A: Physics 
SECTION B: Electrical Engineering 


Prices of the above publications on application to the Secretary 
of The Institution, Savoy Place, W.C.2 
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THIS 
COMPAGT 
UNIT 
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supersedes 
this repeater 
building and 
its contents 


a eS 


ATE CoAXiA 
s SYSTEM ...... 


for use on small core coaxial cables @ Suitable for national or international networks 


®@ Designed for routes of medium circuit capacity 


‘  Asystem in the CM range of transmission equipment 


@ Compact—power fed-repeaters 


@ Easy Maintenance 
For further details write for bulletin TEB 3202 


AUTOMATIC TELEPHONE & ELECTRIC CO. LTD. 


STROWGER HOUSE, ARUNDEL STREET, LONDON W.C.2. Tele: TEMple Bar 9262. Telegrams: Strowger, Estrand, London 
AT 8871 


@ 


RICHARD JOHNSON & NEPHEW LIMITED, 
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MANCHESTER 11 


© 


Tel. EAST 1431 
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TRANSISTORISED 
AUTOMATIC VOLTAGE 
REGULATORS 


Model shown is for the control of a 28 


Volt D.C. generator for use on aircraft. 


PATENTS PENDING 


Regulation closer than + 1% between ex- 
tremes of temperature from —60°C to +70°C 
Speed of response 50/60 milliseconds. 
For’industrial purposes at normal ambient 
temperatures regulation within + 0:5 %. 


Dimensions 5” x 6” x 54” high. Weight 4lbs. 


A=REFERENCE BRIDGE 
B=TRANSISTOR AMPLIFIERS 


NEWTON BROS. (DERBY) LTD. 


ALFRETON ROAD - DERBY ri 
PHONE: DERBY: 47676 (4 LINES) GRAMS: DYNAMO, DERBY i 


London Office: IMPERIAL BUILDINGS, 56 KINGSWAY, W.C.2~ 


ia DC O L. ~ Soldering 
(Regd.radeMvk) Instruments 
Cover all requirement! 
ILLUSTRATED for thorough solder 


jointing in all the field: 


PROTECTIVE of 
SHIELD TELECOMMUNICATIO} 
(CAT. No. 68) . 
4 in. BIT Fully Insulated 
MODEL Elements 
(CAT. No. 70) | 
ae aioe: Suited to daily use fo: 
Primarily : Y To) 
developediion bench line productio} 
the 
TRANSISTOR & MANUFACTURED) | 
ELECTRONIC IN ALL VOLT RANG 
ERA. 
Possessing the British and Foreign Pat 
sharp heat Reg. designs, etc. 
essential for the | 
quick jointing For further information 
apply Head Office: — 


of Transistors, 
Resistors, etc., 
thereby avoiding 
damage to the 
equipment from 
heat transference 


ADCOLA 
PRODUCTS LTD. 


GAUDEN ROAD. 
CLAPHAM 

HIGH STREET 
LONDON, S.W.4_ 


Tel.: MACaulay 4272 
& 3101 
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firstin PORTUGAL 


OPORTO 


An important project and another 
“first”? for Standard Telephones and 
Cables Limited is the installation of 

a comprehensive coaxial cable 
telecommunications network between 

Lisbon and Oporto. This is a joint 

undertaking by S.T.C. and their 
associates, Standard Electrica, S.A. 
(Lisbon) for the Portuguese Telegraph & 
3 Telephones Administration (C.T.T.) 


S. J. MADEIRA 


MEALHADA 


Two cables are provided over a route of 
30me 250 miles (400 Km) consisting of a six 
tube coaxial cable of the latest type, 
with a parallel cable for short distance 
audio and carrier frequency circuits. 


LEIRIA 


SANTAREM 


Manufacture and installation covering 
a period of approximately two years, 
presents an undertaking well within the 
capabilities of S.T.C. who are leaders in 
research and the development and 

~ manufacture of all types of 
telecommunication systems. 


wet CT ae 


Telescoped and cross-section 
samples of 6-core coaxial 
cable. 


Srondard Telephones and Cables Limited 


Registered Office : Connaught House, Aldwych, London, W.C.2 


CABLE 
AND WIRE 
GROUP 


TELEPHONE CABLE DIVISION: NORTH WOOLWICH - LONDON - E.16 
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PHILIPS 


Gramophone Records - 
+ High Frequency Heating Generators - X-ray Equipment for all purposes - 


Radio & Television Receivers - Radiograms & Record Players - 
Electric Ory Shavers - ‘Photoflux’ Flashbulbs 
Arc & Resistance Welding Plant and Electrodes - Electronic Measuring Instruments - 


Projectors - Tape Recorders « Health Lamps - Hearing Aids - Electrically Heated Blankets 


Tungsten, Fluorescent, Blended and Discharge Lamps & Lighting Equipment - 


Magnetic Filters - 


(_ Xxxvill_) 


in Science and Industry alike... 


among technicians, manufacturers and those 
engaged in the sale of electrical products — as 
well as among the public at large, the Philips 
emblem is accepted throughout the World as 
a symbol of quality and dependability. 


PHILIPS ELECTRICAL LTD 


Century House : Shaftesbury Avenue «: London - WC2 


‘Philishave’ 
Electro-Medical Apparatus - Heat Therapy Apparatus 
Battery Chargers and Rectifiers - Sound Amplifying Installations - Cinemh 


Ny 
uarlz Crystals 


400% to 100m*% 


Quick Deliveries 


Competitive Prices 
E.LD. and A.R.B. APPROVED 


0 


LINTON CAMBRIDGE ENGLAND TEL: LINTON 501 


ZENITH 


PHASE SHIFTING 


TRANSFORMER 


This instrument provides con 
venient means for adjustin; 
» the phase angle or powe 
factor in alternating curren 
circuits when testing singl 
or polyphase service meters 
wattmeters, or power facto 
indicators, etc. It is also th 
simplest means for teachin 
and demonstrating Alternatin 
Current Theory as affectin, 
phase angle and power factor, 


Illustrated brochure free on request 


The ZENITH ELECTRIC CO. Ltd 
ZENITH WORKS, VILLIERS ROAD, WILLESDEN GREE}? 
LONDON, N.W.2 
Telephone: WILlesden 6581-5 ~ Telegrams: Voltaohm, Norphone, Londo: 


MANUFACTURERS OF ELECTRICAL EQUIPMENT 
INCLUDING RADIO AND TELEVISION COMPONENTS 


i I 
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‘he Synchro units shown, made by R. B. Pullin & Co. Ltd., are 
sectioned to show how the stators are integrally cast in Araldite to 
provide maximum protection against the effects of extremes of 
temperature, humidity and vibration. The excellent machining 
; operties of Araldite make possible a straight-through bore tech- 
lique, which eliminates errors in alignment and also permits the use 
of the smallest possible air gap between rotor and stator. High 
insulation and dielectric strength, remarkable adhesion to metals, 
and negligible shrinkage on curing make Araldite eminently suitable 


, 


for use in the construction of precision electrical equipment. 


a ee ee ee 


Araldite epoxy resins are used— This photograph shows an 


A.E.W. electric oven, capable 
of maintaining temperatures 
within close limits, as used by 
R. B. Pullin & Co. Ltd. for 
curing the Araldite-filled stators. 


for casting high grade solid electrical insulation 


a 
A 
a for impregnating, potting or sealing electrical 
_ windings and components 


a for producing glass fibre laminates 


for producing patterns, models, jigs and tools 


| 
Py as fillers for sheet metal work 
a 


as protective coatings for metal, wood and 
ceramic surfaces 


7 q bonding metals, ceramics, etc. Aral d i te epoxy oe 


Araldite is a registered trade name 


CIBA (A.R.L.) LIMITED 


Duxford, Cambridge Telephone: Sawston 2121 


AP 463 


L.E.E. PROCEEDINGS, PART B—ADVERTISEMENTS 


The Semiconductors range of Computer Transistors, designed and tested to the ‘Special 
requirements of computer engineers, is the key to a new order of computer speed and reliability. 
Overall reliability is further increased by making possible a substantial reduction in the 
number of associated components. 


The two types of Silicon Alloy Transistor shortly going into production will make it 
possible to extend this high-speed computer performance into ambient temperatures well 
above 100°C. Samples are available now. 


RISE TIME 


General purpose transistors for 
conventional logic circuits. 


HIGH-SPEED 
LOW-LEVEL 
SWITCHING 


GERMANIUM 


Designed for directly coupled 
circuits. Controlled input, 
saturation and _ hole storage 
characteristics. 


High gain transistor for high- 
speed driving of parallel circuits. 


Ultra-high speed transistor with 
controlled input and saturation 
characteristics. 


General purpose |0Mc/s transistor 
HIGH-SPEED for conventional logic circuits. 50mA 
LOW-LEVEL 
SWITCHING ISMc/s transistor for directly 
coupled circuits. Saturation 
SILICON resistance typically 10 ohms. 5SO0mA 


Controlled input and hole storage 
characteristics. 


F 250 mW high fre- 
mie fa 3Mc/s quency alloy  tran- 400mA 
min fa 5Mc/s sistors with high gain 400mA 
. and low saturation 
CORE min fo 12Mc/s resistance 400mA 
DRIVING 
GERMANIUM 
mi 5M 750 mW versions of 
infa SMe/s | 3°X) 598 and 2 N 599. ele 
min fa 12Mc/s | Peak current 3 amps. 400mA | 


* rise time to 400mA 


Full technical details 
and applications assistance 
available on request. 


SCH 
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Printed 
Circuit 
Counter 
Panels 


50kc/s Scaler 


; : iMc/s Scaler 
A complete range of transistorized counter 


: : Input Amplifier 
panels of common size, fixing method : é 


z : } : Gate Unit 
and electrical connexion, designed to provide 


a flexible unit system 10kc/s Oscillator 


whereby any special requirements PM cis-Oscillator, 


in the counting or data processing fields Rosier Unit 


can be quickly built up. 50kc/s Read-out Scaler 


1Mc/s Read-out Scaler 
A fully illustrated brochure giving 


4 Channel Output Unit 


lete perf 
complete performance and Read-out Unit 


ecification figures for 
specificat gu Meter Display Unit 


every panel in the range is 
ae g Lamp Display Unit 


available on request. 


Numerical Indicator Tube 


Shift Register Stage 
Shift Register Driver 


RANK CINTEL LIMITED 
Worsley Bridge Road * London * SE 26 
HiTher Green 4600 


Sales and Servicing Agents: Atkins, Robertson & Whiteford Ltd. Industrial Estate, Thornliebank, Glasgow; 
McKellen Automation Ltd., 122 Seymour Grove, Old Trafford, Manchester, 16; Hawnt & Co. Ltd., 59 Moor St. Birmingham, 4. 


4 
r 
-4 
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NEW— A MARCONI 
GENERAL-PURPOSE OSCILLOSCOPE 


Type TF 13530 


* D.C. to 15 Mc/s pass band 
+ 50 mV/cm sensitivity 
* °02 usec/cm writing speed 


* 10 kV e.h.t. for bright 
clear trace 


* Direct-reading time and 
voltage calibration 
independent of 
X-expansion or Y-gain 


BRIEF SPECIFICATION 


Y Amplifier BANDWIDTH: D.C. to 15 Mc/s. RISE 
TIME : 0-025 usec. SENSITIVITY : Seven ranges, 50 
mV/cm to 50 V/cm. AMPLITUDE MEASUREMENT : 
2% accuracy. INPUT: Two switched coaxial inlets. 
Impedance: 1 MQ, 30 uF. Optional probe: 10 . 
MQ, 7 WF. DISTORTIONLESS SIGNAL DELAY: 
0.25 usec. 


X Amplifier BANDWIDTH: D.C. to 2 Mc/s. EXx- 
PANSION: Up to at least x 5. EXTERNAL INPUT: 
D.C. coupled ; 1 MQ, 25 uF. 


Sweep Generator SWEEP VELOCITY : 15 ranges, 0-1 
Usec/cm to 1 sec/cm at minimum expansion. TIME 
MEASUREMENT: 2% accuracy. TRIGGER SELECTION: 
A.C. coupled, D.C. coupled, TV field sync, 
or Automatic. 


General TUBE: 5 inch, spiral accelerator. POWER 
SUPPLY : 200-250 and 100-150 V. WEIGHT: 48 Ib. 
PRICE (complete) : £300, F.O.B. U.K. port. 


Please send for leaflet K 154. 


MARCONI 
INSTRUMENTS 


AM & FM SIGNAL GENERATORS » AUDIO & VIDEO OSCILLATORS | 
FREQUENCY METERS + VOLTMETERS + POWER METERS / 
| 


DISTORTION METERS . FIELD STRENGTH METERS 

TRANSMISSION MONITORS . DEVIATION METERS 

OSCILLOSCOPES, SPECTRUM & RESPONSE ANALYSERS 

Q METERS. & BRIDGES 
KC A QKKC \\ 
Please address enquiries to MARCONI INSTRUMENTS LTD. at your nearest office: 
London and the South: Midlands : North: | 
Marconi House, Strand, London, W.C.2 Marconi House, 24 The Parade, L ington $ i : | 
Telephone : COVent Garden 1234 Telephone : 1408 eerie Pine ae ; ee Saaielone oes 


? Teleph : 
Export Department: Marconi Instruments Ltd., St, Albans, Herts, Telephone : St. Albans 56161 Ce ee 


TC 154 
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INDEX OF ADVERTISERS 


Firm 


Marconi Instruments Ltd. 
Marconi Wireless Telegraph Ltd. 
Metropolitan Plastics Ltd. 
Modern Acoustics Ltd. 

Mortley, Sprague & Co. Ltd. 
Mullard Ltd. (Equipment) . 
Mullard Ltd. (Magnetic) 
Mullard Ltd. (Valves) 


Newmarket Transistors Ltd. 
Newton Bros. (Derby) Ltd. 


Oliver Pell Control Ltd. 


Philips Electrical Ltd. 
Plessey (Swindon) Ltd. 


Racal Engineering Ltd. 

Rank Cintel Ltd. 

Redifon Ltd. : 4 
Richard Thomas & Baldwins Ltd. 


Salford Electrical Instruments Ltd. 

Savage Transformers Ltd. 

Semiconductors Ltd. 

Servomex Controls Ltd. 

Siemens Edison Swan (Cables) 

Siemens Edison Swan (Public Telephones) 
Siemens Edison Swan Ltd. (Telecommunications) 
Smiths Industrial Instruments Ltd. 
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Texas Instruments Ltd. 
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Zenith Electric Co. Ltd. 
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: For RELIABILITY and ROBUST DESIGN, Donovan ‘DONLOCK’ Change-over Switches take some beating. These robust 
switches are intended for off-load operation in industrial plants, power stations, and situations where reliability is a first 

“ consideration. : , 

; Although resembling conventional designs, these switches are exceptional in the ample proportions of all parts. The 

af generous copper proportions give an exceptionally low temperature rise, and the massive terminals, of mechanical 

% _ clamping type, make for ease of installation. 


SPECIFICATION: Definite OFF position is given 
by a special compression spring mechanism with a 
quick break from either ‘“‘ON”’ position. 

Metal-clad damp and dust protecting case. 

The rigid U-shaped circuit closers are mounted rigidly 
on a heavy steel spindle with micanite tube insulation. 
CABLE ENTRY—100 amp. and below—cast entry 
boxes. 

Above 100 amp.—-split teak clamps. 

Standard equipment includes lock and two keys for 
locking lid in closed position. 

AVAILABLE: Double-pole, Triple-pole, Triple- 
pole & Neutral (neutral switched). in sizes from 15 
amps. to 600 amps. Send now for price list and full 
specification. 


CHANGE-OVER to DONLOK 


‘THE DONOVAN ELECTRICAL CO., LTD. 


70-81, GRANVILLE 
London Depot: 149-151, YORK WAY, N.7. 


Sales Engineers available in LONDON, BIRMINGHAM, MANCHESTER, GLASGOW, BELF 


STREET, 


BIRMINGHAM, I. 


Glasgow Depot.: 22, PITT STREET, Gz. 
AST, BOURNEMOUTH. 
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3 amps 


TEXAS SILICON RECTIFIERS offer excellent high temper- 
ature characteristics. For example the stud-mounted 
type gives an output of 3 amperes at 50°C and will 
still provide 1 ampere at 150°C with no change in the 
rated peak inverse voltage. The rugged, welded housing 
with glass-to-metal seal provides high resistance to 
shock and vibration. Listed in the table below are the 


MAXIMUM RATINGS 

Peak Inverse Voltage at —65°C to +150°C 
Average Rectified Forward Current at +50°C 
Average Rectified Forward Current at + 150°C 
Recurrent Peak Forward Current at +50°C 


Surge Current for 10 Milliseconds I 16A 


Operating Temperature, Ambient 
SPECIFICATIONS 


( xliv ) 


SILICON 


ECTIFIERS 
up to 600 Volts PI 


200V 
750mA 
250mA 
T2:5A 


Minimum Breakdown Voltage at + 150°C 
Maximum Reverse Current at P.I.V. at +25°C 
Maximum Forward Voltage Drop at +25°C 


* Rectifier mounted on 2” x 2” x 4” aluminium Heat Sink 


TEXAS INSTRUMENTS LIMITED 


DALLAS ROAD BEDFORD 


(TELEPHONE: BEDFORD 68051 


240V 


10uA 
1:0V 


(1,=500mA) 


characteristics of representative devices of each type. 

Have you received your copy of the latest Texas 
Application Report “D.C. Power Supply Circuits using 
Silicon Rectifiers ”’? If not, or if you require fuller details 
of Texas Rectifiers, please write your name and 
address in the margin and return this advertisement 
to us. 


18401 18405 


1S401R 1S405R 


600V 200V 600V 
t400mA *3A *3A 
250mA 150mA 150mA *1A *1A 
$2.54 T1-25A T1-25A *10A *10A 
16A 6A 6A 33A 33A 
221 —65°C:to ++ 150°C. eee ane 


1S005 1S111 18115 
600V 


750mA 


200V 
t 400mA 


720V 
10nA 
1-:0V 


240V 

0-2nA 0-2yA 

1-0V 1-0V 
(Io=400mA) 


720V 720V 
10uA 


1-1V 


10nA 
1-:1V 
(p=1Amp) 


240V | 


+ @ 25°C 
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The Institution is not, as a body, 


responsible for the opinions expressed by individual authors or s 
nsil peakers. 
An example of the preferred form of bibliographical references will be found beneath the list of contents. 
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The Institution of Electrical Engineers 
Paper No. 3035 
Sept. 1959 


THE FIFTIETH KELVIN LECTURE 
‘THE INTERNATIONAL GEOPHYSICAL YEAR 1957-58’ 
By Sir DAVID BRUNT, Sc.D., F.R.S. 


(Lecture delivered before THE INsTITUTION, 23rd April, 1959.) 


: The International Geophysical Year, 1957-58, has been the 
most astounding feat of international co-operation in the whole 
history of the human race. In its earliest initiation it was 
intended as a continuation of the First International Polar Year 
of August, 1882, to September, 1883, and of the Second Inter- 
national Polar Year in 1932-33, both of which were limited to 
high latitudes. When the suggestion of a third International 
Year was first made in 1952, geophysicists had already become 
familiar with the nature of the ionosphere, and how it was greatly 
influenced by solar activity, as are geomagnetism, the aurora, 
and cosmic rays, which are strongly influenced by the earth’s 
magnetic field. The whole field of geophysics had been widened 
as knowledge increased, and instrumental equipment, notably 
that used for observing the ionosphere, had been enormously 
improved since the Second International Polar Year. Automatic 
instruments were by this time available, and it seemed highly 
desirable that the new International Year should cover the whole 
field of geophysics, and make full use of the improved techniques. 

After very careful consideration, this idea. was universally 
accepted, and it was agreed that the field of observation during 
the Geophysical Year should cover (a) all the phenomena which 
are directly affected by solar activity as shown by sunspots and 
bright ‘flares’ on the sun’s surface, and (6) other phenomena of 
which our knowledge would be strikingly increased by observa- 
tion at a widespread network of stations, and in particular by 
observations at new stations in regions where hitherto few or 
no observations had been made. The time covered by the 
Geophysical Year was selected to fall at the time of maximum 
sunspot activity, 1957-58. The clearing house for sunspot 
Statistics, the Ziirich Observatory, later reported that 1957 
actually had the highest yearly mean of relative sunspot numbers 
since the initiation of sunspot records in 1778. The all-time 
record of sunspot activity occurred about half-way through the 
L.G.Y. period. Thus the period chosen for the I.G.Y. turned 
out to be miraculously fortunate. 

The programme may be regarded as falling into three broad 
categories: 

(i) Phenomena in the atmospheres of earth and sun.—Solar 
activity, meteorology, the ionosphere, geomagnetism, aurora and 
airglow, cosmic rays. 


Sir David Brunt is Chairman of the Electricity Supply Research Council. 
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(ii) Investigations of the earth's surface-—Oceanography, 
glaciology, precise measures of latitude and longitude. 

(ii) Investigation of the earth’s interior—Earthquakes, gravity 
measurements. 


The following table shows the number of stations operating in 
each of the 13 disciplines represented in the observational 
programme. 


Number of United 
Number of stations Kingdom stations (some 


Subject (at 31st May, 1957) jointly with other nations) 
Meteorology 1603* 65 
Geomagnetism oe 276 10 
Aurora and air glow .. 270* 18* 
Ionosphere 291 DS 
Solar activity 119 5 
Cosmic rays .. mA 136 5 
Longitude and latitude 78 3 
Glaciology 4 ie 84 7 
Oceanography .. igs 200 10 + 5 ships 
Rockets and satellites. . 47 1 
Seismology ie Ae 335 11 
Gravity measurements 191 6 
Nuclear radiation ae — 20 

3 630 191 


* These are principal stations only; there are many auxiliaries. 


It should be noted that a station is here to be defined as a site 
where observations in one discipline are made. A site where two 
disciplines are observed counts as two stations, and so on. 

The table takes no account of the many subsidiary and 
‘voluntary’ sites at which observers have co-operated, and 
allowing for the fact that all published lists are likely to have 
become incomplete, we can safely say that a total of 4000 active 
sites is almost certainly an underestimate. It is probable that 
some 30000 scientists, engineers and technicians were engaged in 
the effort, while the volunteer observers may have added another 
20000 to the number of workers. The total cost can only be 
guessed at, though a figure of £500 million per annum has been 
suggested. In 1952, when scientists began to formulate their 
programmes of observation, to improve their instruments, and 
to devise entirely new instruments capable of measuring what had 
not hitherto been measured, there was no expectation of the rapid 
development of rockets or of artificial satellites. When rockets 
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and satellites became available to carry instruments to great 
heights, they provided a powerful new tool for geophysicsts, 
capable of observing and recording the conditions up to great 
heights in the atmosphere. With the use of these new tools a 
new era began in the study of the ionosphere, and of space up to 
considerable heights above the earth’s surface. 

So vast is the number of observations accumulated during the 
LG.Y. that it will need intensive work by very many teams of 
workers to reduce all these observations and to deduce their 
interpretation. At the present time, while we can definitely 
state that some quite startling new facts have already emerged, 
it is certain that the full interpretation of the main body of the 
observations will not be achieved for some years. Consequently, 
it must be admitted that some of the statements which I shall 
make may later need modification. No complete or final 
appraisal of the results of the achievements of the I.G.Y. can 
yet be expected. All that can be attempted here is to draw 
attention to the outstanding new concepts which have already 
been established, or alternatively appear to have a considerable 
probability of being true. 


SOLAR ACTIVITY 


Before we proceed to discuss any observations, a brief account 
must be given of arrangements made to inform observers of the 
likelihood of disturbances on the sun’s surface. 

It is not possible to foretell, more than a few days ahead, the 
days of notable intensification of radiations from the sun, so 
that a time-table of such intensifications cannot be produced well 
in advance. From a close study of the sun, however, it is 
generally possible to say a few days in advance whether such a 
disturbance will probably occur. A World Alert will then be 
announced, so that all observing stations will be ready to make 
specially intensive observations. On subsequent days all avail- 
able fresh information is considered, with a view to cancelling 
the alert if it appears that the expected disturbance is no longer 
likely to develop. 

This has required the organization of a very close watch of 
the sun for signs of solar activity. Some 50 stations have made 
regular observations, one half of them using spectrohelioscopes, 
the remainder being equipped with automatic helioscopes, which 
photograph the sun’s disc through Lyot-type filters, at intervals 
of either one or three minutes. The watch on the sun was fully 
maintained through 89-7°% of the possible hours during 1958. 

A notable British contribution to this programme has been 
made at the Royal Observatory at the Cape of Good Hope, where 
a Lyot H« heliograph was installed early in 1958, on the recom- 
mendation of the British I.G.Y. Committee. This instrument 
recorded over 600 flares in its first nine months of operation. 

In each month, three days were selected as Regular World 
Days, on which specially intensive observations in all disciplines 
should be made at all the world-wide network of stations. The 
three days were fixed, one on the day of new moon and the two 
others on days associated with unusual meteoric activity. For 
the purposes of meteorology a period of ten consecutive days, 
to be known as a World Meteorological Interval, was fixed in 


each quarter, coming at the winter and summer solstices, and at 
the two equinoxes. 


COLLECTION OF OBSERVED DATA AT WORLD DATA 
CENTRES 


The observational material resulting from the programme of 
observations is being collected at three World Data Centres 


(W.D.C.), each of which will eventually have a complete set of 
all observations. 
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World Data Centres 


Centre A, U.S.A. Centre B, U.S.S.R. Centre C 
With 11 sub- 3  sub-centres Meteorology in W.M.O. Switzerla 
centres at dif- in Moscow, Geomagnetism (Denmark, Japan 
ferentinstitu- 1inthe Crimea Aurora (United Kingdom, Swede: 
tions (all subjects) Airglow (France, Japan) 
(all subjects) ae (United Kingdom, 
apan | 
Solar activity (Switzerland, Ital 
France, Germany, Australia) 
Cosmic rays (Sweden, Japan) 
Glaciology (United Kingdom) 
Rockets and satellites (Uni 
Kingdom) 
Seismology (France) 
Gravity (Belgium) 
Nuclear Radiation (Sweden, Japas 


The World Data Centres in the United Kingdom are locate 
as follows: 


| 


Aurora.—Balfour Stewart Auroral Laboratory Department ¢ 
Natural Philosophy, University of Edinburgh. 
Ionosphere and rockets and_ satellites —D.S.1.R. Radi 
Research Station, Slough. 
Glaciology.—British Glaciological Society, housed at the Sco: 
Polar Research Institute of the University of Cambridge. 


The W.D.C. for Meteorology will be cared for by the Worl 
Meteorological Organization (W.M.O.) in Geneva. 

Each of the three World Data Centres will receive origina 
copies of I.G.Y. data from countries that elect to use that p 
ticular centre as the archives for their data, and will then supp 
copies to the two other W.D.C.’s. Some idea of the magnitu 
of the data-collecting operation may be gathered from the faa 
that eventually the W.M.O. will have in its archives ove 
100 million meteorological observations. The W.D.C. for th 
ionosphere, at Slough, has already received some 800000 phote 
graphic records, graphs and tables of data. These two example 
give some idea of the magnitude of the task of those who wi 
reduce and interpret the I.G.Y. data. | 


EMISSIONS FROM SOLAR FLARES: IONOSPHERIC 
EFFECTS 


A solar flare is a sudden blazing up, to about ten times i 
normal brilliance, of an area of the troposphere of some hundrec 
of millions of square miles. Solar flares are not visible to tk 
eye, but show up very brightly against the normal backgroun 
of the troposphere in hydrogen light. They are best observe 
by the light of the hydrogen line with a spectrohelioscope, an 
are found in close association with sunspots. A magnetical 
complex sunspot may produce 30-40 flares during a sing 
passage across the sun’s disc. 

Flares are classified on a visual scale of importance, fro: 
Class I (smallest) to Class 3 (largest), with Class 3+ to indica 
flares of exceptional area and intensity. The average duratic 
of Class I is about 17 min, of Class 3 about 1h, and of Class 3- 
about 3h, and the area of the flare can range from 100 to we 
over 1000 in millionths of the area of the sun’s hemisphe 
(Fig. 1).* 

The flares emit (a) wave radiations, which travel with 1 
speed of light and reach the earth in 8-3 min; magnetic stor 
particles, which are ions and electrons and travel much mo 
slowly, taking 20-40h to reach the earth; and (c) cosmic-r: 
particles, mainly protons, which travel with an intermedia 
speed, taking up to nearly an hour to reach the earth. 

The wave radiations are of three classes, (i) ultra-violet ai 


* A millionth of the sun’s hemisphere has an area of 3 x 106km2, or 1-17 
106sq miles. 
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WAVE RADIATION 
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¥ Reproduced through the courtesy of Professor M. A. Ellison, of the Dublin Institute of Advanced Studies. 


AL 
X-rays, which penetrate downwards as far as the D-layer, the 
owest layer of the ionosphere, where X-rays in the waveband 
1-8A produce additional ionization, yielding an increased supply 
of free electrons and a sudden increase of the electric current 
lowing in the D-layer, giving a kink, or crochet, in the records 
of magnetic storms. The extra ionization increases the absorp- 
tion of short radio waves on their way down from the higher 
F,-layer, producing a fade-out of radio signals. The fade-out 
begins suddenly during the flash of the flare, as it rises to 
maximum brightness, which may be attained in less than one 
minute. Ifthe path of the radio signals passes near the sub-solar 
point, i.e. the region where the sun is overhead at the time, the 
Signal strength drops to 4+—;'5 of its original value. During the 
flare, the D-layer has enhanced power of reflection for a distant 
transmitter which gives a sudden enhancement of atmospherics; 
the ceiling falls, the concentration of electrons necessary for 
teflection then being found at a lower level. Since the waves 
emitted from the flare all travel with the same speed as light, 
their effects are first seen at the same instant as the flare is seen. 
Thus the time of the flashing up of the flare can be recorded by 
the magnetic crochets or the sudden enhancement of atmospherics. 

(ii) The radio waves from a flare can be observed by radio 
telescopes, and in England such observations are made at 
Jodrell Bank and at Cambridge. A sudden outburst of noise 
recorded by a radio telescope will also give the time of initiation 
of the flare. 

(iii) The visible light from the flare is recorded by a Lyot Ha 
filter or a spectrohelioscope. 

The particles emitted by the flare have a wide range of speeds. 
The slower-moving particles, which reach the earth some 26h 
after the waves, with an average speed of 1000 miles/sec, are 
probably ionized atoms and electrons, which on arrival at the 
earth yield great currents of electricity, which produce great 
magnetic storms, and aurora in the polar regions, and at times 
aurorae extending to the equator. 

It has been found that a magnetic storm is likelier to follow a 
flare seen near the centre of the sun’s disc; when the flare is near 
the limb of the sun, the earth is less likely to be in the line of 
particle fire. From this it is concluded that the particles are 
smitted from the sun in a vertical direction. Parts of the sun’s 


disc appear to be regions of continual emission of particles, of 
the nature of jets which rotate with the sun, and strike the earth 
at intervals of about 27 days. ; 

The fast-moving particles emitted by flares are believed to be 
mainly protons, with exceptionally high energies, varying from 
108 to 10!7 eV, travelling with speeds of an appreciable fraction 
of the speed of light, and capable of disintegrating atmospheric 
atoms. The slow-moving particles are deflected towards the 
regions of the two geomagnetic poles, and only the particles of 
high energy penetrate into middle latitudes. 

It is to be noted that the phenomena due to ultra-violet and 
X-rays, radio waves and visible light have their initiation at the 
time of the first flash of the flare; the magnetic storm and the 
arurora appear about one day later. 

United States rocket observations made during the total eclipse 
of the 12th October, 1958, showed the existence of a powerful 
flare of X-rays in the waveband 1-8A. Four rockets instru- 
mented to measure the intensity of ultra-violet and X-radiation 
showed that the ultra-violet diminished to zero as the stage 
of totality was reached, while the X-ray intensity remained sub- 
stantially unchanged, showing that the ultra-violet radiation 
emanates from the sun’s disc, or chromosphere, while the source 
of the X-radiation is the sun’s outer atmosphere, or corona. 
But it has not yet been established whether the sources of the 
ultra-violet and X-radiation are localized in special regions of 
the chromosphere and the corona, respectively. 

The question, ‘What is a flare?’ is one to which no answer can 
be given. A flare covers a region of the chromosphere several 
hundred million square miles in extent. It increases its intensity 
of radiation by a factor of at least ten, and achieves its maximum 
intensity in many cases in less than one minute. I am not 
tempted to speculate on the nature of the mechanism that works 
so rapidly and so efficiently. 

The detailed study of the magnetic fields in active solar regions 
carried out in the United States and the Soviet Union have shown 
that at the time of a flare the lines of force in the adjacent field 
undergo a sudden redistribution, suggesting that in the flare 
there is a sudden conversion of magnetic energy into wave and 
particle radiation. This may be the key to the secret of the flare. 

A major solar flare was observed on the 28th June, 1957, and 
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charged particles from this flare reached the earth two days later, 
producing a severe magnetic storm. There were severe distur- 
bances in the ionosphere, and long-range radiocommunication 
was blacked out for a considerable time. An Alert was issued 
at 1600h on the 28th June, and a Special World Interval was 
declared on the 29th June for 30th June, 0001 h. Pulses trans- 
mitted vertically to the ionosphere were not reflected but were 
absorbed. On the 4th July it was found that the normal ion 
distribution above the D-layer remained undisturbed during the 
black-out, but for some 12 miles below the D-layer there was 
markedly increased ionization, later shown to be due to the 
X-ray emission from the sun, in the range of 1-2A and associated 
with solar flares. It is seen that the times of occurrence of the 
different phenomena fit in with the system described earlier. 

One of the most striking observations of conditions in the very 
high atmosphere was obtained by Dr. J. A. van Allen and 
colleagues from observations made by instruments in Explorer I, 
which showed that, up to a height of 700km, the intensity of 
cosmic rays was in accordance with expectation, but the instru- 
mental behaviour above this level pointed to great increase in 
the intensity of radiation, which was interpreted as corpuscular 
innature. Later satellites—Explorers III and [V—were specially 
instrumented for further investigation of this radiation, and later 
this research was continued in Pioneer III on the 6th December, 
1958. It was found that there are two distinct, widelyseparated 
zones of high intensity of radiation. Van Allen and his colleagues 
believe it is now established that the great radiation belt around 
the earth consists of charged particles, temporarily trapped in the 
earth’s magnetic field. The van Allen radiation reaches its peak 
intensity at a height of two earth radii, and extends up to eight 
earth radii. 

Other methods of determining the constitution of the atmo- 
sphere at very high levels are being developed. Thus at very low 
radio frequencies, whistle-like sounds are detected. These are 
thought to originate in lightning flashes at the surface of the 
earth, and to travel thousands of miles along the earth’s lines of 
magnetic force before returning to the opposite polar hemisphere. 
Recent observations suggest that the ion density and molecular 
density along the whistler path at altitudes of as much as twice 
the earth’s radius are much greater than hitherto anticipated. 
It appears that the atmosphere extends far beyond the level at 
which it was supposed to end, and that a tenuous atmosphere— 
the sun’s corona—fills all space between the earth and the sun. 

By means of a radio-frequency mass spectrometer, it has been 
possible to separate the components of ionized gases between 
230 and 930km. Ions of atomic oxygen predominate, but ions 
of atomic nitrogen are also present, equivalent to 3-7°% of the 
oxygen. There appears to be detectable number of ions in the 
region of 1000km, hitherto regarded as empty space. At 
266 km, the density has been estimated to be 3 x 10~!! g/m}, or 
approximately 10~!° times the surface density. At about 370 km, 
the density is about one-tenth of this value. 

Sputnik III yielded measurements of 500000 positive ions per 

cubic centimetre and 160000 per cubic centimetre at heights of 
242 and 795 km, respectively. 
Two Soviet scientists, writing in Pravda, have discussed the 
inferences to be drawn about the density of the upper atmosphere 
from Sputnik observations. They state that at orbital heights 
the concentration of gas is greater, and the density of micro- 
meteorites considerably less, than had been anticipated. The 
micro-meteorites are not solid particles of stone or metal, but 
resemble flakes of snow or soot, and have a density of only a 
fraction of that of water. The densities of the atmosphere 
deduced from the braking effect upon the Sputniks at perigee 
were substantially greater than could have been expected on the 
basis of any information previously available. 
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The values deduced by these various methods are all in reason 
able agreement, and all yield values for the densities at rs 
heights which are substantially greater than have hitherto 
accepted. In high latitudes, rockets launched in winter an: 
summer, by day and by night, indicate strong solar control o: 
density in the high atmosphere, with a latitude effect, a seasoné 
effect and a strong diurnal effect, none of which appear in lowe 
latitudes. The gases in the atmosphere appear to be well mixe; 
up to 100km, above which gravity separation begins to exert a: 
effect. F | 

The observations made by the use of rockets and satellite 
appear to confirm the theory that the terrestrial atmospher 
extends far beyond the level where it had previously been regarde: 
as ‘ending’. The view that the earth is embedded within th 
sun’s corona is perhaps the most surprising and novel resul 
hitherto derived from the I.G.Y. 

The United Kingdom programme of ionosphere observatio: 
has been carried out as planned, and some very interesting ne\ 
information has been obtained. At Halley Bay, the Roya 
Society base in Antarctica, it has been found that the maximur 
ionization density in the F,-layer at noon in winter exceeds th 
same quantity at noon in summer, in spite of the fact that at th 
height of the F,-layer the sun does not rise in winter or set i 
midsummer. Also, there is a strong diurnal variation in wintet 
giving electron densities at noon which are ten times those a 
midnight. The diurnal variation is small in summer, givin 
maximum density at noon less than at midnight. Near th 
equinoxes there is a sudden change from typical winter to typice 
summer diurnal variations, or vice versa. From these observa 
tions it is concluded that the variations of ionization density ar 
mainly due to movements in the ionosphere, and are only ver 
slightly affected by the direct ionizing action of the sun. 


METEOROLOGY 


The observations in meteorology are being collected by th 
World Meteorological Organization (W.M.O.) at Geneva. Thes 
will include those surface observations obtained from probabl 
some 2100 stations, observations of winds and temperatures i 
the free air, of atmospheric ozone, of solar and atmospheri 
radiation, and radiation balance. The main object of th 
intensified meteorological programme is to provide fuller knov 
ledge of the general circulation of the atmosphere, and to asce! 
tain the mechanism by which air masses are exchanged betwee 
tropical and polar regions. With this in view, a network c 
meteorological stations, covering the antarctic region, has bee 
created and is contributing to the W.M.O. a stream of observz 
tions which will be of great assistance in solving the mai 
problem. Some writers have expressed great confidence in th 
possibility of the study of these observations, and those of th 
distribution of ice in the polar regions, leading to improvement 
in weather forecasting. How far it will be possible to realiz 
these hopes will only be known after a long period of reductio 
and study of the great mass of observations, not only those mad 
during the I.G.Y., but also those to be made during later yeai 
of co-operation. The main synoptic attack on the meteor« 
logical problem is yet to come. 

The study of observations of weather in the Antarctic he 
already yielded interesting results. The antarctic ice-balance | 
maintained by the intrusion of warm air-masses into the centr: 
ice-cap region, and not, as hitherto supposed, by a strong higt 
altitude cyclone more or less permanently situated above tk 
region. There is no permanent wind barrier round the continen 
as thought hitherto. Antarctic weather therefore plays an activ 
part in the atmospheric circulation of the southern hemispher 
There are six stable high-pressure tongues, extending northwar 


in association with those parts of Antarctica that jut out from 
the main continental mass. They block the movement of 
cyclones, thus trapping them in relatively stable positions. 
_ The six cyclonic zones between the pressure ridges are over the 
Weddell Sea, off the eastern section of Queen Maud Land; 
“over the Mackenzie Sea, off Wilkes and King George V Land; 
and over the Ross Sea. The snow which perpetuates the glacia- 
_ tion comes from cyclones which periodically intrude into a rim 
zone, 300-400 miles wide, round the area. Ridges of the 
antarctic anticyclones may join those in the sub-tropical regions 
and inhibit zonal circulation. Dissemination of meteorological 
observations by the Antarctic Weather Centre has already pro- 
duced a significant improvement in the forecasts of southern 
hemisphere countries. The reduction of the I.G.Y. observations 
* upper air winds and temperatures may, however, well lead to 
a modification of views hitherto arrived at, with regard to the 
interpretations outlined above. 
at The use of rockets for atmospheric soundings has already led 
_to a considerable increase of knowledge of the upper air, while 
Be artificial satellites have shown that we can now probe into 
conditions at vastly greater heights. A very useful and ingenious 
electrolytic absorption apparatus devised by Dr. A. W. Brewer of 
Oxford, to measure the concentration of ozone, has been flown 
_by sounding balloons up to about 20km at Troms6, Malta and 
Halley Bay. 
-_ A number of studies in certain special aspects of meteorology 
“have been made by participating countries. Among these we 
“may mention the measurement of the radioactive matter in the 
atmosphere, the CO, content, and the ozone content. An 
especially interesting study made at the U.S. drifting station 
Alpha in the Arctic Ocean, yielded the result that, during the 
‘melt season, melting proceeds much more rapidly under overcast 
sky than under clear sky with the sun shining. The systematic 
study of the general circulation of the atmosphere must await a 
later stage. 


GEOMAGNETISM AND AURORA AND AIRGLOW 

The major portion of the earth’s magnetic field is thought to 
be generated by electric currents within the earth. The remain- 
ing part, about 5% of the total, is generated externally, probably 
by the great earth-girdling systems of electric currents in the 
charged, or ionized, regions of the upper atmosphere. The 
internally generated field is relatively stable and undergoes slow, 
so-called ‘secular’, changes measured in periods of possibly years 
or centuries. The externally generated field is marked by rapid, 
transient fluctuations, measured in periods which may be days, 
hours or even seconds. 

Geomagnetic observations have been made at four stations in 
the United Kingdom, at Argentine Island and at the station at 
Halley Bay in Antarctica. These observations, and those made 
elsewhere by other nations, will be examined in conjunction with 
observations of aurora, of conditions in the ionosphere, and of 
solar activity. The geomagnetic observations at Halley Bay 
will be of special value in this comparison, since Halley Bay is 
just outside the zone of greatest concentration of the ionospheric 
electric currents, which cause geomagnetic disturbances, and 
which are also associated with the greatest frequency of aurora. 
It will now for the first time be possible, since a world-wide 
network of stations covering all latitudes has been set up, to 
study the geographical distribution of aurora, as well as the 
details of changes in form and movement during a great display 
of aurora. Observers on land, on ships at sea, in aeroplanes, 
and on expeditions to the polar regions, are all making a con- 
tribution to the recording of aurora, while in higher latitudes 
all-sky cameras have continually photographed the whole sky. 
Radio-echo methods are used to detect daytime aurorae. 
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The I.G.Y. has been notably rich in aurorae. An interesting 
result already achieved by British observations is that simul- 
taneous displays of aurora borealis and of aurora australis 
progress in a similar manner, while, near the solstices, aurora 
penetrates further into low latitudes in the summer than in the 
winter hemisphere. The zones of equal frequency of occurrence 
of aurorae are found to be more nearly along lines of constant 
magnetic inclination than along lines of geomagnetic latitude, as 
had hitherto been assumed. 

In addition to the aurora, a faint atmospheric luminosity 
known as the ‘airglow’ is visible at night all over the world. Its 
distribution can now for the first time be discussed on a global 
scale, and it should be possible to determine whether it is closely 
related to the aurora. 


LONGITUDES AND LATITUDES 


This is a very long-term investigation, concerned with time and 
latitude variation, and although the work has been intensified 
slightly, it is not at present possible to assess its geodetic value. 
It must be remembered that we do not yet know the distances 
between the continents, with accuracy. 


GLACIOLOGY 


One-tenth of the earth’s surface is covered by ice, providing 
a major source of cold air. During the I.G.Y. some 23 nations 
have made a close study of the ice cover, either of the smaller 
ice-masses such as those of glaciers in the Alps, the Rockies, the 
Altai, the Himalayas and the Andes, or the great polar ice-sheets 
of Greenland and Antarctica. Most of the mountain glaciers 
in Europe and North America have for some time been in retreat, 
as a result of the prevailing improvement of climate in the present 
century. It is found that the variations in the glaciers of South 
Georgia, at 54°S, agree with those in the North Atlantic, except 
for a lag of the order of 10-15 years. The culmination of the 
advance of the ice took place about 1891 in the north, and 
about 1900-1905 in South Georgia. A further examination is 
being made of the relation of variations of meteorological con- 
ditions with the amount of sea ice. 

The equatorial tropical glaciers of Mount Kenya, Kilimanjaro 
and Ruwenzori, in East Africa, have all been under close 
observation, and it has been found that the glaciers of Kenya 
and Ruwenzori have diminished in size since they were first 
seen 60 years ago. It will be of interest to establish whether 
these fluctuations are representative of the fluctuations of rain- 
fall of the region in the days before European settlement there. 

Few of the results of the ice programmes are yet available, 
but it is known that there is a relationship between glacier 
behaviour and the small but significant fluctuations of climate 
over Europe and America in the past few centuries. It is 
thought that this marks the way to a solution of the problem of 
seasonal forecasting. 

The ice cover of Antarctica has been the subject of very con- 
siderable investigation during the I.G.Y. The results are by no 
means easy to summarize, since the distribution of the ice over 
the deeply indented solid surface beneath it is extremely com- 
plex, and observations during traverses over the ice made by 
different nations have yielded widely varying depths. The 
thickest ice-cover ever measured, some 100 miles east of Byrd 
Station, is about 14000 ft thick, and rests on a rock bed 8 200 ft 
below sea-level. Over a considerable part of Antarctica the rock 
floor is below sea-level. 

The investigations in Antarctica have shown that the amount of 
ice over it is far greater than had been previously thought. Asa 
result it is necessary to increase by 40% the estimate of the 
world’s total of ice, to about 4:5 million cubic miles. 
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OCEANOGRAPHY 


Preliminary study of the I.G.Y. recording of long waves 
suggests a relation to weather, including hurricanes, but the 
voluminous observational material has not yet been examined. 
The programme on ocean circulation has revealed some amazing 
new facts. Dr. Swallow’s acoustic signalling float, which can be 
made to drift with the water at any desired depth, has made it 
possible to investigate in detail the variation of the water motion 
with depth. Three major counter-currents in the ocean have 
been found and measured. Thus below the Gulf Stream, at 
about 6 500 ft, there is a layer of water with little or no horizontal 
movement, and below this, at a depth of some 9000 ft below the 
surface, is a counter-current in which the southward transport of 
water, at a rate of about 8 miles per day, is roughly equal to 
that in the opposite direction in the Gulf Stream. The bottom 
waters are rich in chemical nutrients, and where they upwell are 
found the great fishing banks, such as the Grand Bank off New- 
foundland and the Peruvian fishing grounds. 

British ships, working in co-operation with Norwegian and 
French research vessels, have revealed another counter-current 
some 400 miles west of Oporto and Lisbon, flowing at 1-2 miles 
per day, at a depth of about 4 600ft. 

The swift sub-surface equatorial current in the Pacific, dis- 
covered in 1952 by Dr. Townsend Cornwall, has been mapped 
by two U.S. ships and found to be nearly as extensive as the 
Gulf Stream. It flows eastwards along the equator for 3500 
miles from 140° W along a front 250 miles wide, at about 3 knots, 
about 100ft to at least 1000ft below the surface, against the 
equatorial current of the Pacific. A third sub-surface current, 
200 miles north of the equator, is probably greater than the 
Townsend Cornwall current. 

An amazing discovery is a mineral-rich region in the south-east 
Pacific with extensive regions covered with a sludge laden with 
manganese and iron, and some cobalt mixed with copper. The 
value of these metals is estimated at $500000 per square mile, 
and the economics of dredging up the sludge ‘appear promising’. 

The detailed examination of the ocean observations made 
during the I.G.Y. may yield results as remarkable as those 
mentioned above, since we may now regard the study of ocean 
currents as having been firmly put on a three-dimensional basis. 

As engineers, you may think that you have no need to trouble 
yourselves to consider the currents in the ocean. You have 
during the last quarter of a century been forced to consider how 
the winds dissipate your chimney emissions, and it seems 
probable that, when you jettison your radioactive waste materials 
into the sea, you will have to give very special consideration to 
where they may come up again to the surface. 


ROCKETS AND SATELLITES 


Upper-air sounding rockets have been launched by Australia, 
Canada, France, Japan, the Soviet Union, the United Kingdom, 
and the United States. Valuable information concerning radia- 
tion at great heights has already been obtained, and the Soviet 
Union is rendering further valuable service in launching rockets 
in Antarctica. Observations by rocket are accumulating, and 
their final discussion will be awaited with interest. The artificial 
satellites have pushed the zone of observation to still greater 
heights, and have given us a vastly changed outlook upon the 
relation of the earth’s atmosphere to the sun. One of the most 
striking observations yet recorded is the discovery of the Van 
Allen radiation, already mentioned. 

Another striking illustration of the unique potentialities of 
rockets and satellites is given by the observations of sources of 
ultra-violet radiation in the galaxy made by rockets. Ultra- 
violet emission from the high atmosphere cannot be observed 
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from the ground, as it is readily absorbed in the lower atmo: 
sphere. It can, however, be readily observed from rockets o% 
satellites. Aerobee rockets have located strong sources of ultra: 
violet radiation, which do not correlate either with naked-eye 
objects in the sky or with the radio stars. For example, arounc 
«-Virginis, extensive nebular sources of ultra-violet radiatior 
have been observed, radiating in the band 1225-1350A, bw 
there is no visible nebula in this region. In Orion there is alsc 
extensive ultra-violet radiation from areas not observable ir 
visible light. | 

Most of the ultra-violet radiation comes from near the galactic 
plane, but strong sources have also been located in high galactic 
latitudes. It thus appears that to visual astronomy and radic 
astronomy we should now add ultra-violet astronomy. | 

The artificial satellites launched by the Soviet Union and th 
United States have been, whenever possible, observed in th 
United Kingdom, and British scientists have been able to deduct 
new information about the structure of the ionosphere fron 
observations of the radio transmission of the satellites. Optica 
observations by kine-theodolites at Ministry of Supply Establish 
ments have received international recognition as among the mos 
accurate of their kind. From these observations valuable con 
clusions are reached affecting our knowledge of the frictiona 
drag of the atmosphere. 

The constructing and launching of satellites cost very larg 
sums of money. For example, the U.S. Army’s satellit 
Explorer I cost £1 400000, or £140000 for each pound of weigh 
put into orbit. Only about 3% of the information radioed b 
the satellite was recorded. fF 


SEISMOLOGY 
The main effort of seismologists has been directed toward 
obtaining comprehensive data of such earthquakes as occurre 
during the 1.G.Y. New stations, some to be temporary, som 
to be permanent, have been established in parts of the worl 
where such stations were widely scattered or even non-existent 
It is as yet too early to look for a comprehensive discussion © 
the observations, which are known to have been recorded wit 
care. The method of seismic sounding has been widely used i 

Antarctica to measure the depths of ice. 


GRAVITY MEASUREMENTS 

During the I.G.Y. the measurement of gravitational forc« 
which varies from place to place on the surface of the eartl 
has been extended to places where no observations had hithert 
been made, as for example in Antarctica. Relative gravit 
measurements were made by the Commonwealth Transantarcti 
Expedition during the traverse of Antarctica, and at Halley Bay 
With funds provided by the United States, the Department « 
Geodesy and Geophysics of the University of Cambridge mad 
a series of pendulum gravity observations at eight statior 
between Teddington, England, and Johannesburg, South Afric: 
and a further series at stations between Washington, D.C., an 
South America. From the many observations it will be possib 
to improve our knowledge of the relations of the gravity network 
of the different continents. 

It has been shown by R. H. Merson and D. G. King-He 
(Nature, 1958, 182, p. 640) that scientific observations of tt 
artificial earth satellites can be used to investigate the earth 
gravitational field. They deduce that the earth’s flattening ; 
the poles is less than previously believed, by about one part ; 
300. They find that variations in the period of revolution « 
several satellites suggest that there are irregularities in atm 
spheric density from day to day and over longer periods, wii 
some evidence of a 27-day period, probably of solar origin. 

Professor Kozyrev of Pulkovo Observatory has found that tl 


earth is flatter in the northern than in the southern polar regions, 
ind claims that the rapidly rotating planets Jupiter and Saturn 
how a similar asymmetry. If this applies also to the sun, it 
might possibly account for some of the unexplained anomalies 
. the progress of sunspots across the earth’s disc. 
ie 


iy NUCLEAR RADIATION 

The network of nuclear sampling stations set up during the 
‘LG.Y. gives some clear ideas of the background of such radiation 
in the atmosphere. Observations made immediately after the 
Windscale nuclear reactor accident in October, 1957, brought to 
: ight some radically new features of atmospheric dispersion. 
i= 


| THE ANTARCTIC 
ie Some features of the investigations in Antarctica have already 
een mentioned. In all, 57 stations have been established there, 
_by twelve countries. In addition, the transantarctic expedition 
made many scientific observations, including seismic measure- 
“ments of ice thickness, on its way across the continent. 
_ The investigation of the structure of Antarctica has, of neces- 
‘Sity, been ‘spotty’, owing to the difficulties of travel. It is still 
‘hot definitely established whether Antarctica is one continent, 
two continents or an archipelago covered by ice. This will 
“undoubtedly be readily settled when all the seismic and other 
Investigations of the surface are examined and considered. Over 
50 years have elapsed since Dr. Griffith Taylor, who was geologist 
‘on Scott’s first expedition, put forward the idea that East and 
‘West Antarctica were separated under the ice bya transcontinental 
trough, joining the Ross and Weddell Seas. Eastern Antarctica, 
which lies mostly to the east of the 0°-180° meridian, is a vast 
elevated ‘shield’ of pre-Cambrian rock over 500 million years 
old, while Western Antarctica is characterized by folded ranges 
and plateaux similar to those of the Andes, of which they are 
‘thought to be an extension, of much later date than Eastern 
Antarctica. 

Seismic data gathered by American ice-iraverses point to the 
Same conclusion. The bottom of the trough averages nearly 
4000 ft below sea-level. Further seismic investigation should 
readily decide the question whether Antarctica is one continent 
or two, or an island archipelago. 

In a letter published in Nature (31st January, 1959), three 

“New Zealand scientists, F. F. Evison, C. E. Ingham and R. H. 
Orr, showed that it was highly probable that Antarctica is a 
single continent. This was deduced from the crustal thickness, 
for which, from seismic observations, they gave the value 35 km. 
Continents generally have crustal thickness of 30-40km, the 
corresponding value for coastal regions being 5-10 km. 

The surface of Antarctica presents many oddities, among which 

the so-called ‘oases’ are noteworthy. The Bunger oasis, at which 
the Soviet Union set up their third base in late 1956, consists of 
over 300sq miles of bare rock, interspersed with lakes. No 
‘satisfactory explanation has been found for the fact that, in a 
region such as this, where there are furious blizzards in winter 
and temperatures barely rising above freezing-point in summer, 
there are ice- and snow-free rocks and water in the lakes in 
summer. 
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THE NEXT STAGE OF THE LG.Y. 


The I.G.Y. came to an end on the 31st December, 1958. The 
exchange of information between the nations has been highly 
successful, and a vast accumulation of observations has been 
gathered into the World Data Centres. The next stage of our 
task will be the reduction and discussion of this accumulation 
of information. We in this country have taken firmly the view 
that we shall now give first priority to this task of reduction, 
interpretation and correlation of the observations we have 
accumulated. 


FUTURE INTERNATIONAL CO-OPERATION 


A meeting of I.G.Y. scientists was held in Moscow in the 
summer of 1958. The representatives of all the nations at this 
meeting were unanimous in regarding the I.G.Y. as having 
proved to be outstandingly successsful, so much so that it was 
desirable to continue the observational and data-collecting work 
for at least another year. This continuation of international 
activity will not bear the name ‘I.G.Y.’, but will be known as 
‘International Geophysical Co-operation 1959’. During this 
additional year of co-operation, the prescribed schedules of the 
I.G.Y. will be abandoned, and each nation will be free to dis- 
continue any of the special investigations made during the 
I.G.Y. and to choose for itself those studies which it wishes to 
continue, and the level of concentration on those studies, as 
well as being free to initiate any studies which it may wish to 


. take up. 


Many of the routine observations which were intensified during 
the I.G.Y. form part of regular scientific services, such as in this 
country the Meteorological Office, the D.S.I.R. Radio Research 
Organization and the National Institute of Oceanography. 
These observations are likely to be continued, though not of 
necessity at the same level of activity as during the I.G.Y. 

The Special Committee for the I.G.Y. (C.S.A.G.I.), which 
was set up by the International Council of Scientific Unions to 
plan and co-ordinate the I.G.Y., will cease to function on the 
30th June, 1959. A new special Committee for International 
Co-operation in the Geophysical Sciences (S.C.G.) has been 
established to organize the continuation of the co-operation, so 
successfully demonstrated during the I.G.Y. 

As for the I.G.Y. itself, there remains the Herculean task of 
reduction and discussion of the observations, and of publishing 
the results, so that they may be available to all who desire to 
learn of them. It must not be assumed too lightly that the 
observations will in all cases find easy explanation: it is probable 
that many will be correctly explained only when several genera- 
tions of geophysicists have considered them. 


The greatest contributions to the I.G.Y. have been those of 
the United States and the Soviet Union, especially in the explora- 
tion of conditions in the upper air, with instruments carried by 
rockets and satellites. 

The U.S. contribution in this and other fields has been sum- 
marized in papers written by Dr. Hugh Odishaw, published in 
the American journal Science during 1958 and 1959, and I wish 
to record my debt to these papers. 
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SESSION 1.—CHARACTER RECOGNITION 


INTRODUCTORY LECTURE 
By C. E. G. Bamtey, M.A., Member. 


The character-recognizing device, or ‘reader’, is basically a 
data-processing machine. In the course of the history of its 
invention, various forms of output have been proposed, including 
audible or tactile signals to enable the blind to read and the 
automatic punching of telegraph tape. At present, interest is 
concentrated on feeding a computer, either directly or via some 
form of intermediate storage. This interest has been greatly 
stimulated by the need for commercial data-processing, and 
development is proceeding widely and intensively. 

The human eye and mind recognize characters by the general 
disposition of parts relative to the whole, and the geometric 
positioning of white and black in a character is of little impor- 
tance. This form of ‘morphological’ recognition is difficult to 
parallel by means of a machine. On the other hand, the features 
of handwriting, and to a lesser extent those of print, are organized 
to a morphological rather than a geometric specification. Early 
inventors of readers ignored all but the geometrical approach. 

The Optophone, patented in 1914 by Fournier d’Albe, produced 
distinguishable audible tones from the white areas of each of a 
number of horizontal scanning lines. It was designed to enable 
the blind to read. The more useful complementary system, in 
which the presence of a tone indicated a black area, was patented 
in 1919, A device, based on the known method of automatically 
punching cards for Jacquard looms, which gave tactile repre- 
sentations of the letter being scanned, was proposed in 1926. 

The first readers aiming to produce a single output signal for 
each character utilized a template method. The black outline 
was optically superimposed on a number of standard forms in 
succession, a signal being given to indicate congruence. Diffi- 
culties of registration, common to most geometric systems, 
arise with this method, but it might well be revived using, for 
example, image dissectors and rapidly whirling the electronically- 
reproduced image over the template. 

None of the early inventors paid attention to the problems 
of mutilation arising when typewritten matter is scanned. They 
likewise glossed over the complexities of conventional type-faces. 
But two new principles were established in the ’thirties and 
forties which have contemporary importance, namely the 
restriction of scanning to selected areas and the development of 
special type-styles designed to be easily recognized by automatic 
means. These principles were incorporated in some devices by 
first selecting test areas with a stationary mask and then scanning 
them with a rotating mask. In later developments, special type- 
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founts were devised to enable all the test areas to lie on a straigl 
line. In another device the fixed and moving masks wet 
replaced by a single mask carrying out a special movemer 
over a succession of stations. 

In the ’forties and “fifties certain techniques in other fielc 
directed the minds of inventors. The television raster scan ha 
been known for some time, but the arrival of pulse-length di 
criminators and storage devices enabled them to scan tt 
character as a whole and then defer its dissection and recognitic 
until it had been dissected into pulse lengths and the resul 
stored. 

Zworykin devised a method of horizontal scan using puls 
length discrimination. An American corporation use vertic 
scanning and a wide variety of techniques to scan styliz 
numerals; their design, first among those mentioned, has 
record of useful commercial application. More recently, < 
English company has demonstrated a device—FRED’—suitab 
either for optical or magnetic scanning of stylized numerals. 

Recent American developments for differentiating betwec 
the names of the States of the Union aim at covering a wi 
variety of type-founts and parallel some features of Gest 
recognition by their use of combinations of letters. 

The problem of reading handwriting has baffled most inventot 
A nearly morphological approach has now been patented 
which a horizontal sawtooth scan is interrupted when it strik 
the left- and the right-hand boundaries of the character. T 
positions of these intercepts may be regarded as a contour wi 
respect to the vertical component of the scan. Sharp disco 
tinuities occur with various figures; the presence and sign 
these discontinuities constitute a code for the figure, which 
evaluated by means of a matrix store. To be readable aut 
matically the handwritten figure must fulfil a certain specificatic 
which imposes some limits—not very severe—on the writer. 

Even fewer limits are imposed by the figure specificati 
developed by Dr. Dimond, in which the intersection of t 
figure with any of seven construction lines is observed. Dimo 
developed his specification for use with conductive ink, but 
early application by Naumberg points the way to performi 
this operation optically. Apart from this proposal, the ma 
development effort had been concentrated on optical scannin: 

Within the past few years, however, a great deal of work ] 
been done in America on the recognition of characters prin’ 
in magnetically-permeable ink. The basis of this method is 
read the effective area of magnetic ink under a horizonte 
narrow head-gap covering the figure from top to bottom. 
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_ The present state of the art can be illustrated by reference to 
ERA, which is now in the production stage. This machine 
is designed to read typewriting or ganged printing with low 
ow-out and error rates. This material differs greatly from the 

deal clean-cut black-on-white typography with which the early 
aventions described were concerned. The major effort has been 
pent in solving such secondary problems as mutilation and 
salignment at least as much as in basic character recognition. 
In order to achieve speed and flexibility of movement from one 
sharacter or block of characters to another, flying-spot scanning 
is used. Each character is covered by a small raster, and many 
ch rasters can be accommodated in the tube face. The 
anning waveforms thus cover a wide band of ‘frequencies, 
ncluding zero, and consequently electrostatic scanning was 
chosen. A modified cathode-ray tube has a spot size small 
mough to accommodate readily 15 adjacent characters in the 
imension at right angles to the paper movement. There is 
l ttle to spare in signal/noise ratio: two photo-multipliers are 
used for pick-up with white-clamped automatic gain control. 

_ The angle of scatter which gives optimum signal/noise ratio 
4 not critical. With unglazed paper this is independent of 
angle of incidence from 0° to 60°, but with glazed paper and 
certain inks there is too little contrast from 0° to 30°, so a 
scatter angle of about 45° is used. 

Each character is submitted in general to three scans or 
‘frames’ with vertical lines. The first of these records the density 
“of the character, and operates a clamped control to ensure that 
the two following frames have favourable black/white contrast, 
‘differentiating the true character from the smudges or ‘halo’ 
“which surround it. The character is then provided with a fairly 
clean black edge for the second frame, which covers the same 
area and measures the extreme black edge at either side, top and 
bottom of the character. A clamped control derived from this 
is applied to centralize the character, which it does to within 
+4 element vertically and horizontally during the third frame. 
The third frame, with nearly correct contrast and registration, 
is used for reading. 

Time is economized by coarsening the line pitch during the 
contrast-measuring frame, and by narrowing the actual width of 
the third or reading frame. The latter consists of 12 lines, each 
of which is divided into 14 vertical segments, thus making 168 
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elements or cells in all. The light value of each cell is integrated 
and a black or white decision is stored in a cell core. (This core 
is duplicated for black and white as a parity check.) 

The timing circuits are performed by transistor-driven ‘and’ 
gates from clock pulses and counters. Much care has gone 
into using the high-frequency transistors in low-power driving 
positions. By interleaving the clock pulses, the writing speed 
has been doubled for a given reading speed. 

The store is connected for analysis to the ‘logic’. Organization 
of the logic is complex and can be indicated only generally here. 
The character, which after the registering process still may 
appear in any of four positions, may be divided into ‘features’-— 
those components useful to distinguish one character from 
another. The lowest element in the hierarchy of the field is a 
cell; cells are organized into ‘domains’, typically of three cells, 
which are joined in ‘and’ or ‘or’ connection. In general, ‘or’ 
connections are used for black domains, and ‘and’ for white. 
Domains are connected, either singly or in blocks, to make a 
‘statement’ about a character in one of its positions. These 
statements, in Boolean terms, may be as high as the sixth degree. 
In general, statements about a character in one of the four 
permitted positions are ‘or’-gated to the final character state- 
ment. 

This organization results in a very low error-ratio; the main 
difficulty with some documents is likely to be the throw-out 
ratio. Investigations are being made into the possibility of 
replacing the permanent wiring in the logic by a coded set of 
signals on, say, a magnetic drum store, which should result in 
the appropriate matching patterns being offered serially or 
simultaneously to the filled store. 

The first applications are to continuous-roll reading. To 
minimize the on-line loading time of the rolls, a feed mechanism 
has been devised taking pre-loaded cassettes. When a cassette 
is inserted, rollers, followed by a vacuum feed, pull the paper 
past the scanning position, and the roll is automatically spooled 
up. 

The spacing between lines of print varies in practice between 
One originating machine and another. The smoothed output 
of the vertical misregistration signal is accordingly taken to a 
servo system which accelerates or retards the paper feed 
accordingly. 


A SYSTEM FOR THE AUTOMATIC RECOGNITION OF PATTERNS 


By R. L. Grimspae, M.Sc., Ph.D., Graduate, F. H. SUMNER, B.Sc., Pr DC, JALONS B.Eae, MSc. PhD 
and T. Kirpurn, M.A., Ph.D., D.Sc., Member. 


There is an important need for machines which can read. 
This arises in many fields, particularly in commerce, where such 
operations as the sorting of cheques and mail are now being 
mechanized. In order to make these schemes fully automatic, 
machines are required which can recognize symbols written on 
paper. Further applications are suggested in the reading of 
documents in preparation for language translation by a digital 
computer. The idea of reading machines is not new, and had 
its beginnings in attempts to make devices to help blind people 
to read books. One such device produced an audible signal as 
it was moved across a line of print. This device was, however, 
more in the nature of a transducer rather than a recognition 
device, because the recognition had still to be done by the user. 
Te ET 
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A range of recognition machines have been devised or con- 
structed and the majority of these employ a comparison mechan- 
ism. One scheme uses a rotating disc with a number of apertures 
cut to the shape of the letters of the alphabet, numerals, etc. 
As the disc turns, an arrangement of lenses and a lamp cause 
images of the letters on the disc to fall upon the unknown 
character. The amount of light reflected is measured by a 
photocell, and recognition occurs when the amount of light is a 
minimum. Such a system has a number of obvious dis- 
advantages. The figures to be identified must closely resemble 
those on the disc, and they must be correctly positioned and 
have the correct angular orientation. A number of electronic 
systems have been devised which, while being improvements 
over the disc system, still have its major disadvantages. _ 

In contrast, the present system is for the recognition of 
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‘patterns’. Character-recognition devices serve only to dis- 
tinguish between a limited set of characters, but patterns are 
recognized as an assembly of lines and curves. The system 
obtains a description of the number of lines and curves in the 
unknown pattern, together with details of how the parts are 
joined. Such descriptions are invariant to changes in position, 
vertical, horizontal and angular, to change in size and to small 
changes in shape. To demonstrate the system the whole 
mechanism has been simulated on a medium-speed computer, 
although work is now in progress on the development of special- 
purpose equipment to perform certain of the operations at 
greater speed. 

The pattern is presented to a flying-spot scanner which 
transfers it to the high-speed store of the computer, where it is 
represented on a raster of 40 x 64 points. The pattern is 
examined by a programmed scan which results in its being 
divided into a number of parts, or ‘groups’. These groups may 
not necessarily coincide with the most convenient or natural 
divisions of the pattern, particularly if it is a letter of the alphabet 
presented at an angle. Special provisions are made to allow 
for imperfections in the figure such as irregular edges, breaks, 
or dirt on the paper. The groups are described in terms of 
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their length, position, slope or curvature, and are then assemble 
into the natural pattern divisions. q 

The complete pattern is described by a ‘statement’, whic 
gives a list of these natural divisions and the way in which the 
are joined. The statement, which is coded in the form of a roy 
of binary digits, is effectively a one-dimensional pattern corre 
sponding to the two-dimensional pattern presented to th 
flying-spot scanner. The statement is compared with a set 0 
statements stored within the machine; this comparison make 
use of a scoring system, and the name of the pattern whos 
statement gives the greatest score is printed out. When ther 
is confusion, this is indicated by the machine and the relativ 
probabilities of the possible patterns are printed out. 

If the machine is presented with a new pattern, it will indicat 
that it does not know that pattern, and the name of the patter 
may then be supplied to the machine by the operator. Or 
subsequent occasions the machine will recognize this pattern 
even though it is drawn afresh by hand. This ability to lear 
is an important feature of the system. The machine build: 
up its list of standard patterns in this manner and is thu: 
universal; it is in no way restricted to any particular type face o: 
style. 


THE AUTOMATIC RECOGNITION OF TYPEWRITTEN NUMBERS 


By W. Dietricu, D.Ing. : 


While the magnetic character-readers currently available are 
insensitive to paper fouling, they do not supply all the informa- 
tion a character contains. In contrast, an optical system repro- 
ducing the shape of a character electrically supplies for the 
identification practically all the information the character bears. 
Hence this system can recognize a large number of characters 
of various shapes, e.g. both numbers and letters. On the other 
hand, special precautions are necessary to balance the effect of 
fouling, i.e. the smudging of paper or characters. This con- 
tribution deals with such an optical method, with special 
emphasis on the centering of characters and the identification of 
fouled characters. 
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Fig. 1.—Block schematic. 


A block circuit is shown in Fig. 1. The characters are moved 
in a direction perpendicular to the scanning sweep, so that the 
character is gradually dissolved in an area. Under the condition 
that the character becomes stored in the shift register synchro- 
nously with the scanning process, the registered information will 
correspond to the quantized but natural shape of the character. 
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When the registering process is stopped, the register stages wil 
retain their information, which then can be made visible, a 
shown in Fig. 2, with the aid of small lamps connected to th 
stages. 
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Fig. 2.—Shift register and lamp field. 


Now the centering circuit must centre the information in - 
defined area of the shift register, say, in the top left-hand corne: 
To do so, the whole information is shifted by pulses, first to th 
left and then to the top until some stages of column 1 and line 
report ‘black’. For this shifting procedure the stages of th 
register are connected in a 2-dimensional manner.* Thecentere 
character will generate a centering signal. If the logic identifie 
the character at the same moment, this character is read ov 
through the output circuit via the ‘and’ gate (see Fig. 1). 

The following examples are limited to arabic numerals a 
produced by a typewriter. However, these numerals are in n 
way changed in their original shape. A clean numeral, suc 
as the 5 in Fig. 2, can be easily centered and recognized. Th 
real task of the character reader, however, is to recogniz 
smudged numerals. Smudge means here, in a wider sense ¢ 
this word, the variations of a character in consequence of ol] 
or new ribbon on the typewriter, smooth or temperament: 


* STEINBUCH, K.: 
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touch, original or first copy, dirty keys on the typewriter and 
‘fi ally, all disturbances occurring from the paper surface. 

_ For the reading of smudged numerals it will be more suitable, 
not only to use the first column and the first line as centering 
criteria as mentioned above, but to supervise electrically the 
whole area where the centered character shall be located, e.g. 
6 columns and 10 lines. Thus we may say: Any information 
will be signalled as centred only if it is of the approximate size 
of a numeral. This centering method will eliminate many 
smudges as well as other unwanted printing, such as the printed 
horizontal and vertical lines which designate a writing space on 
a commercial form. 
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a Fig. 3.—Number 507 affected by smudge. 


O White. 
XX] Black. 
@ Smudge points. 


Fig. 3 shows the number 507 fouled by some spots of smudge. 
To simplify the discussion only a few spots are assumed, but 
these have a particularly adverse effect. It may be mentioned 
that the shift register must not be wider than a character. 
The wide register of Fig. 3 serves only to show more numerals 

and how they may be connected. 

First, the numeral 5 in Fig. 3 will not be properly centered 
because of the smudge points in the third column. The solution 
of this problem is based on the fact that the numeral will not 
be recognized by the logic. Information which is centered but 
not recognized generates a ‘repeat centering’ pulse (Fig. 1). As 
a result, the information is shifted by one column to the left 
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and recentered. This action may also be done in a vertical 
direction. 

The centering conditions and the repeated centering method 
are applied with the aim of eliminating smudge and of centering 
smudged numerals as if they were clean. The advantage of these 
methods is that the design of the logic then can be based on the 
ideal numerals, and the rather voluminous wiring and many 
components used can thus be brought into a systematic order. 

Fig. 3 also shows smudge points between two numerals. 
These are particularly awkward, because the character reader 
now has the difficult task of locating the beginning of the next 
numeral. To solve this problem, two different methods are used. 
First, the quantity of black information in two adjacent defined 
columns is measured, as in columns 10 and 11 of Fig. 3. If 
there is more black information in column 11 than in column 10, 
this is evaluated as a signal for the beginning of a new numeral. 
This signal is now stored and used as a centering signal after the 
numeral 0 has been shifted towards the left in the normal course 
to the first column. Secondly, two defined columns, such as 
17 and 18 in Fig. 3, are supervised. If, along the whole length 
of these columns, any one of two adjacent stages is white, this 
is again taken for the beginning of a new numeral. Such a 
way is indicated by the interrupted lines in columns 17 and 18. 
Both of these methods can be modified if needed. Since they 
operate in a parallel manner, it will suffice if only one of them 
will discover the beginning of a numeral. Furthermore, it will 
be sufficient to find this beginning only approximately, since the 
‘repeat centering’ circuit operates additionally and may centre 
the information correctly. 

A device for reading ideal characters needs additional develop- 
mental efforts if it must deal with the difficulties occurring in a 
practical application. This contribution shows how an essential 
problem, i.e. the smudge (in the widest sense of this word), may 
be overcome to some good extent. When using the shift register 
as a store for the scanned character, further methods may be 
accomplished in a similar manner. Other methods may be 
adopted with the aid of the logic circuits and an analogue grey 
control. All these methods will contribute to the overall advan- 
tage of an optical reader, which permits the storage of a character 
in its natural shape, thus supplying for identification practically 
all the information the character bears. 


PATTERN RECOGNITION BY MEANS OF AUTOMATIC ANALOGUE APPARATUS 


By W. K. Taytor, Ph.D., M.Sc., Associate Member. 


For the purpose of this discussion the word pattern will be 
used to denote any 7-dimensional intensity distribution which 
can be measured by means of a transducer system. Characters 
are usually relatively simple two-dimensional intensity distri- 
butions and can be measured to any desired degree of accuracy 
by a mosaic of photosensitive transducers. The output signal 
of each transducer can be made proportional to the average light 
intensity over a small element of the pattern. Recognition of 
patterns is equivalent to classification of sets of transducer out- 
put signals. When the patterns are fixed in position relative to 
the transducers, so that maximum or zero signals appear at 
each transducer, the classification is easily achieved by a net- 
work of mechanical or electronic switches, since the signals are 
in a binary code. A well-known example of this special binary 
pattern is the 5-hole punched tape. 
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Binary patterns are classified correctly only if all the digits 
are read without error by the transducer. If one digit is in error, 
the remaining correct digits do not have any power to produce a 
correct classification. This is not true when characters made 
up of a large number of dots are recognized by a human 
operator. If, for example, a capital letter T is made up of nine 
dots, five for the horizontal and five for the vertical stroke, it is 
still possible for the operator to classify it correctly if several 
dots are removed, provided that they are not all removed from 
the same region of the character. In other words, it can be 
said that the remaining dots still have some control over the 
classification. The simplest assumption which can be made to 
account for this phenomenon is that all dots have an equally 
effective influence on the classification, irrespective of the 
actual number present. This assumption requires that the 
principle of superposition should apply and that the signals 
should be added in a linear analogue network rather than made 
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to open and close the gates of a switching network. By operating 
with the sums of sets of signals, we obtain the additional 
advantage of not having to select an arbitrary clipping level 
above which a signal becomes ‘1’ in the binary digital system. 
This property is particularly important in the general case when 
patterns do not occupy predetermined positions on the trans- 
ducer mosaic, since the edge of a shape may then cover any 
fraction of the light-sensitive area of a transducer. 

There are 2-1 ways of selecting sets of N signals to form 
sums of sets, and a method of distinguishing between the sums 
is required. The largest sum is produced by the largest pattern, 
but if each sum is weighted according to the number of signals 
it contains, it is possible to arrange for every possible pattern 
to produce the largest weighted sum at a particular adding unit, 
irrespective of the overall pattern intensity level. This means 
that a dimly illuminated character will automatically be given 
the same classification as the same character in brilliant illu- 
mination. This again appears to be a human-operator 
characteristic. 

When the number of transducers required to sample the 
intensity distribution becomes large, it is necessary to find ways 
of reducing the number of sets of signals to be handled. This 
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can be done by eliminating signals which correspond to are 
containing no detail and by restricting the number of signals 


second machine. It is then necessary for the recognition 
apparatus to be capable of ‘learning’, or of storing the classi- 
fications in a memory system. This has been achieved by 
making provision for all possible classifications and giving the 
various signal transmission paths zero gain initially. The 
classification signals then increase the gains of the paths taken 
by the pattern signals until the patterns are correctly classitied. 
After this automatic setting-up procedure has been carried out, 
the path gains can be measured and the variable-gain units 
replaced by fixed attenuators to produce a fixed-purpose pattern- 
recognition machine. The operating speed of the machine is 
limited only by stray capacitance, and by adding unit resistors 
sufficiently small, reading speeds of 10° characters/sec can he 
achieved. 


RECOGNITION OF NUMERALS BY CONTOUR FOLLOWING 


By W. Sprick, Dr.rer.nat., and K. GANZHORN, Dr.rer.nat. 


Arabic numerals present the main amount of recognition 
information at both sides as seen horizontally from right and 
left. The movement of a pencil writing a numeral changes its 
direction rapidly at the points of reversal, breaking, starting 
and ending, which may be considered as the essential charac- 
teristics of every numeral. 

By means of a contour follower it is possible to find voltage 
functions analogous to both sides, e.g. if the numeral is scanned 
from top to bottom. The characteristic points are then detected 
by differentiating these functions and transforming them into a 
characteristic differential pulse pattern. The comparison 
between the received pulse pattern and the reference pattern 
must fulfil the fundamental conditions that no time coincidence 
and no amplitude equality are used as criteria. These con- 
ditions, in association with the differential pulses, warrant a 
certain invariancy with regard to the position, size, inclination 
and some distortions of the figure, which means that it is possible 
to cover a wide variety of type styles by a single reference pattern 
without the need of positioning or centering. 

The contour follower is simulated by a circuit arrangement 
which scans the numeral in horizontal lines from the top to the 
bottom, as in the common television system. It converts the 
pattern of the video pulses to two patterns of pulses, the envelopes 
of which are equal to the right- and left-hand sides of the 
numeral. The conversion from video pulses to both patterns of 
envelope pulses is obtained by clipping the video pulses at the 
momentary value of two sawtooth voltages, one being in 
synchronism and the other reversed with regard to the scanning 
voltage. 

The differential quotient is obtained by means of an RC 
circuit, with a small time-constant, which delivers sufficiently 
evaluable differential patterns. 


Dr. Sprick and Dr. Ganzhorn are with I.B.M. Deutschland G.m.b.H. 


The comparison—or, more generally, the evaluation—circuit 
comprises an arrangement of criteria detectors, storage units 
which store the criteria during the scanning procedure and a 
co-ordination logic. This logic performs the connection between 
the criteria and the output lines associated with the numerals 0-9 
by means of the reference-pulse patterns, realized by ‘yes’ and 
‘no’ connections in a co-ordination matrix. 

The first test model was designed to demonstrate the versatility 
of the system. It does not seem an essential restriction to divide 
the scanning area for a numeral in three horizontal zones. The 
following features were used in combination as criteria: the 
polarity of the differential pulses (+ or —), the zone (1 or 2 or 3 
and the function of the left- or right-hand side. It is demon. 
strated that the number of types styles which is covered by < 
single reference pattern is surprisingly high. 

Subsequent efforts were directed to the elimination of the 
zones. Although it seemed to be possible to make the zone: 
dependent on the figures themselves, this was not pursued 
This solution was achieved by increasing the number of th 
criteria and their modes so far as possible with regard to th 
fundamental conditions not to use the time coincidence and th 
equality of amplitude as criteria. 

It was found particularly successful for scanning printec 
numerals to introduce, in addition to the differential pulses, thi 
checking of long or short strokes in the horizontal directio1 


and the counting of the number of crossings in one horizonta 
line. 


Details are given in the following patents: 


German patent No. 953474, November, 1956. 
German patent No. 961225, March, 1957. 
U.S. patent No. 2738499, March, 1956. 

U.S. patent No. 2838602, June, 1958. 
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CHARACTER RECOGNITION 


” The discussion was opened by Mr. R. H. Tizard, who suggested 
that instead of classifying character recognition systems into 
-* of a morphological and those of a geometrical approach, 
t might be reasonable to classify them in terms of the amount 
of information which was rejected before the recognition process 
began. It was pointed out that, if we are to come anywhere 
near to matching the ability of the human eye and brain, we 
shall have to make use of all the information available, and it 
was suggested that the future might well lie very much in the 
use of probability techniques in which the probability parameters 
were determined by a learning process. Mr. Tizard supported 
his remarks with an account of some programming he had been 
carrying out in which he had started with reading up to eight 
characters, but he did not think that the complexities would 
increase very rapidly with an increase in the number of characters 
toberead. The first development was what he called a negative 
process. The machine was told, for example, that ‘This is E 
not F’. The next stage was a self-classifying process in which 
the machine, given certain characters, would improve the basis 
of this distinguishing to get the best possible results. The 
programme employed a method in which scoring was used and 
in which there was a criterion of the excellence of the results. 

_ Mr. Tizard also spoke about the possible automatic reading 
of handwriting, and said it was certainly the case that the reading 
of ordinary manuscript was impossible on a letter-to-letter basis, 
and that the human being succeeded by word recognition and a 
great deal of use of context. Until a machine capable of doing 
this sort of thing was produced, it was very much star-gazing to 
talk about the automatic reading of manuscript. 

_ Mr. C. Strachey, who spoke next, had a word to say about 
the use of the word ‘learning’. He suggested that there were 
two distinct processes involved in the machines described which, 
in the course of time, gave an improved performance. One 
process was for the machine to alter its basis of selection, and 
it was possible to arrange for the machine to do this auto- 
matically. However, he considered this to be not a process of 
learning, but a process of adjustment. 

Mr. N. A. F. Williams spoke about the speed with which 
character recognition machines were likely to operate and asked 
for further information. Mr. J. C. Selman and Mr. E. A. 
Newman also spoke about the size of the equipment and costs, 
and the latter suggested that it would be interesting if the costs 
could be expressed in pence per correct character read per 
second. 


Mr. R. Hayes and Mr. D. M. Taub also spoke about costs, 
and in particular the cost of the character-recognition machine 
in relation to a digital computer. Mr. Taub inquired whether 
it was cheaper to recognize a character which was originally 
designed to be recognized by the human eye than to incur the 
expense of more complicated printing machines or typewriters 
which would print in code, which the machine could then 
recognize more easily. 

Mr. C. E. G. Bailey thought that classification as proposed. by 
Mr. Tizard by the amount of information thrown away was 
valuable, and he went on to speak about the design problem of 
not throwing redundant information in the wrong order and so 
getting a poor signal/noise ratio. He next answered Mr. 
Williams by stating that in the pilot model of his machine the 
speed was 120 characters/sec and in the present model it was 
280 characters/sec. If his mental arithmetic was correct, the 
cost of the machine was 24000d. per character read, which was 
increased in the ratio of 1-0001 : 1 if he had to give the cost per 
correct character read. 

Dr. R. L. Grimsdale followed Mr. Bailey and mentioned that 
in their system a digital computer was used and therefore the 
cost question could be answered by saying that, if one had a 
digital computer available for other purposes, the cost of their 
character-recognition system was not large, but if a separate 
digital computer had to be purchased, it could be large. He 
agreed with Mr. Strachey regarding the use of the word ‘learn- 
ing’, and in answer to the questions about operating speeds he 
mentioned their hopes of obtaining speeds of 100 characters/sec. 

Dr. W. Dietrich gave some information regarding the size of 
his equipment and mentioned that it recognized figures at a speed 
of 50 figures/sec. 

Dr. W. K. Taylor agreed with Mr. Tizard’s remarks that a 
digital computer could be useful for making statistical analyses 
of handwriting or similar characters, and then spoke about 
postal addresses being written in a code form. He also spoke 
about the speed of working of his system and explained that 
extremely high speeds of working were theoretically possible, 
the limit being obviously set by the input equipment. 

Dr. K. Ganzhorn wound up the discussion by saying a few 
more words about his contour-following principle, and mentioned 
that his apparatus was operating at speeds of the order of 100 
characters/sec. It would seem then that all the different methods 
described were capable of operating (or could operate) at sub- 
stantially the same speed. 
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INTRODUCTORY LECTURE 
By B. W. PoLtarp, M.A., Associate Member. 


The main types of equipment available for peripheral use 
with digital computers will be described and the general require- 
ments summarized. Consideration will be given to the per- 
formance of existing equipment and to the likely requirements 
in the future. There will be a discussion of the problems facing 
the user of digital computers and his need for a simplification of 
the methods of presentation of information to a computing 
system. . 


THE DESIGN OF HIGH-SPEED PHOTO-ELECTRIC TAPE READERS 
By M. V. Wiixes, M.A., Ph.D., F.R.S., Associate Member, and D. J. WHEELER, M.A., Ph.D. 


A paper-tape reader intended for general use in the input 
channel of a digital computer should allow rows of holes to be 
read individually or in rapid sequence as called for by the 
programme. High reading speeds are required, and, at the same 
time, the facility is desirable of stopping a tape moving at high 


Dr. Wilkes is Director of, and Dr, Wheeler is in, the University Mathematical 
Laboratory, Cambridge. 


There will be a discussion of the methods of attachment 
peripheral equipment to computers, together with suggestio: 
for simplifying such methods. Proposals will be made for 
standardization of some of the characteristics of items | 

eripheral equipment to reduce the duplication of developme 
effort and increase the availability of equipment. In particul 
the need for intensified effort in the development of items ¢ 
peripheral equipment will be stressed. 


speed and restarting it without losing any of the punche 
information. 

The contribution will consist of a general description of th 
problems encountered in the design of such a tape reader and 
description of a machine capable of reading tape at the rate € 
1000 holes/sec which has been developed in the Mathematic: 
Laboratory at Cambridge. 


TAPE DRIVING AND SPOOLING EQUIPMENTS Pr 
By B. G. WELBY. 


A decade ago, punched-paper-tape readers were primarily 
designed for application in teleprinter systems and consequently 
operated at speeds of less than 10 characters/sec. The develop- 
ment of electronic computers produced the need for faster 
reading speeds coupled with a reading system which would be 
both reliable and non-damaging to the tape, even after repeated 
passage through the reader—the latter requirement also dictated 
that an alternative to the sprocket drive for tape feeding should 
be used. One of the earliest readers specially designed for use 
with electronic computers has a speed of 200 characters/sec 
and uses a photo-electric system of reading, the tape being 
driven by friction from a tape-feed mechanism which makes use 
of a differential gear assembly in conjunction with a pair of 
brakes. 

As the design and application of computers progressed, larger 
quantities of data at higher speeds of reading were required. 
Initially this need was met by providing separate spooling 
devices which could be used in conjunction with small table-top 
readers. This arrangement is very wasteful of desk area and is 
unduly complicated for the threading of tape. The present 
state of tape-reader development is to combine the spooling 
with the reader into a single cabinet, which, of necessity, 
resembles a magnetic-tape recorder of similar speed and capacity. 

A punched-paper-tape reader has recently been developed 
for speeds up to 1000 characters/sec and incorporates spooling 
facilities. In the design of this equipment several novel features 
have been developed, and these will be described. The design 
objectives have been to produce a reader which will accept any 
of the three standard widths of tape up to eight channels wide 
and be capable of stopping the tape within a character displace- 
ment, even from the full speed of 100in/sec. Because tape 
lengths may vary from a few inches to over 1000ft, provision 
has been made for inserting short lengths of tape without the 
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use of spools, while longer tapes contained on spools can t 
loaded in a simple manner. 

Unspooling and respooling is accomplished by servo-drive 
spools situated on either side of the reading head. A vacuui 
tape-reservoir box interposed between each spool and the hee 
provides tape storage to meet the immediate demands of tl 
high-speed tape drive. This enables the spool to accelerate mo: 
slowly than the low-inertia capstan, which must accelerate | 
rapidly as possible. The amount of tape contained in ea 
reservoir box is monitored by photo-electric cells in conjunctic 
with a simple illumination system designed to produce a line 
response to the quantity of tape stored. After amplification, tl 
cell outputs energize field windings on therespective servo moto 

Signals from the reservoir photocells are amplified by a d.« 
connected transistor amplifier which incorporates an error-ra 
circuit to give the required servo damping. To minimize pow 
dissipation in the final amplifier stage, a circuit arrangeme 
whereby the final transistor is either fully conducting with - 
collector bottomed or completely cut off is used. This is achiev 
by incorporating two feedback loops, one positive and the oth 
negative. The positive feedback is an interconnection betwe 
the last two stages of the amplifier to ensure that the outr 
transistor is either fully on or off. The negative feedback 
derived from a low resistance in the load circuit to produce 
voltage proportional to the current flowing, and the signal th 
derived is passed through an RC network to obtain phase shi 
and is then injected into the amplifier input, together with 1 
photocell signal. Owing to the phase shift applied to 1 
negative feedback, the circuit is oscillatory, with the final ste 
flipping between on and off with a mark/space ratio determir 
by the photocell input. With an oscillation frequency which 
high compared with the time-constant of the servo-mo 
windings, the circuit produces a very good linear amplificati 


of current with a controlled-power/dissipated-power ratio 
about 50: 1. 


[ 450 ] 


Tape movement past the reading head is controlled by a 
pe-feed mechanism which is capable of accelerating or retarding 
the tape in 1 millisec from a speed of 100in/sec. To achieve 

is performance a low-inertia drive unit comprising a motor- 
riven clutch, brake and tape-driving capstan has been 
developed. Tn construction the brake and the clutch are similar, 
being electromagnetically operated friction brakes in which 
the output member is a thin steel disc splined onto the capstan 
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faces of an annular electromagnet and a corresponding armature. 
In the unenergized condition a light spring pressure keeps the 
armature and disc in contact with the magnet pole-faces; energiza- 
tion causes the flux to pass through the disc to the armature, 
so that in attracting them together a considerable pressure is 
developed between the mating surfaces. The disc is therefore 
clamped by friction to the magnet and armature assembly. 
Problems in the design and construction of this drive unit 


shaft. Each disc is normally free to rotate between the pole will be given. 

ig 

z A HIGH-SPEED PAPER-TAPE PUNCH 
a By F. L. Turner. 


im 

_ Since the earliest days of electronic computers, punched paper 
tape has been regarded as a useful medium for the storage of 
information for processing in the input and output stages of 
computing and data-processing systems. This has been due to 
its inherent advantages, representing as it does a compact and 
continuous medium of low cost, providing a visible and durable 
record. In addition, since punched paper tape is also the 
medium used in telegraphic communication, a ‘common language’ 
is available for the direct integration of computation, data- 
processing and communication systems. 

_ It is not surprising also that conventional teleprinter equip- 
ment designed to use this medium has, in slightly modified form, 
operated adequately in the role of tape producing and editing 
equipment for computers for some time. Their relatively low 
speed of operation and their use of a serial-mode transmission 
code, however, have made them generally unsuitable for direct 
coupling to computer outputs. It was not difficult to modify 
telegraph punches to operate from a parallel-mode code and 
thus permit the simplification of their drive circuits and a small 
increase in the speed. However, the severe restriction on 
computer operation caused by the low speed of these machines 
demanded faster punches if the advantages of the use of paper 
tape as a storage medium were to be exploited to the full. To 
this end, the Jast five years have seen the design of a variety of 
paper-tape punches which have not only increased the speed 
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available from seven to upwards of 50 characters/sec, but have 
also permitted the punching of 6-, 7- or 8-track tapes. 

While these developments improved the overall position, the 
gap between even the highest of these speeds and the potential 
speed of the computer was still so great that attention had to be 
turned to the design of punches capable of very much higher 
speeds. What speed should be aimed at was difficult to assess, 
since the only guidance available was that it should be as high 
as possible. It was therefore decided to design for the maximum 
speed practicable with known techniques, compatible with the 
high order of reliability needed for computer operation. This 
was evaluated by a series of tests to be of the order of 300 
characters/sec. Accordingly, a machine has now been produced 
to operate at this speed, on either a start-stop or continuously- 
running basis and capable of punching 5-, 6-, 7- or 8-track tapes 
when provided with a parallel-mode input. 

Despite the emphasis which has been placed on reliability as 
a design requirement, it has been considered desirable to incor- 
porate a check-back facility which reads the perforations in 
the tape and enables them to be compared with the corresponding 
input signals. Synchronizing contacts are also provided to 
enable the punch to indicate to the computer its readiness to 
receive the next signal. Tape transport through the machine 
and the character-by-character feed for start-stop operation 
have received the special design treatment essential to ensure 
reliability at the very high speed concerned. 


PROBLEMS IN THE DESIGN AND APPLICATION OF HIGH-SPEED CARD READERS 
By J. C. Davy. 


‘High speed’ is here defined as a card velocity in excess of 
160 in/sec. i 

The photo-electric sensing of moving cards permits high 
information output rates in convenient form for computer input 
without significant card wear or undue noise. However, the 
information is only presented once, at a low power level, which 
may necessitate both amplification and storage. 

A large number of types of cell are available, but the high 
information rate and small size required dictate the choice of a 
germanium photo-diode having a sensitivity 0-25 pA/mW/em? 
with lamp of colour temperature 2500°K. This cell has a very 
adequate frequency limit of 50kc/s, but has a relatively high 
and variable dark current and a sensitivity quoted as varying by 
3:1 from cell to cell. Both dark current and sensitivity are 
temperature dependent. These latter factors complicate the 
selection of a suitable load, whether resistive or inductive. The 
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cell mounting block, if of metal, should be firmly connected to a 
heat sink well away from the light-source mounting, and if it is 
of insulating material it should bz shielded from unnecessary 
radiation. 

Two new possibilities are the silicon cell (photo-voltaic) 
which is not so temperature dependent but does exhibit variable 
sensitivity, and the indium-antimonide cell, which is at present 
rather expensive. 

The variations in dark current and sensitivity of the ger- 
manium cell make circuit design difficult and call for a light 
source providing intense and uniform illumination over a length 
varying from 2 to 8in with the type of card and feed direction, 
without undue power consumption. The beam may also be 
restricted to only 0:014in in width at card level to give full 
cut-off between holes. The filament strip-light was tried and 
found unsatisfactory, since the filament was unduly fragile. A 
combination of a pre-focus lamp and a parabolic reflector gave 
a successful source of long life, but with some variation in 
intensity, owing to the glass bulb and the optics of the parabola. 
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A further source developed recently uses a long straight wire 
operated at red heat, with one or two elliptic mirrors, and 
produces a straight narrow beam of uniform intensity. _ 

The use of a simple commutator has proved impossible at 
high speed, owing to the existence of a large number of significant 
and variable factors, e.g. humidity, backlash, manufacturing 
tolerances, etc. An attractive possibility is to let the card carry 
its own index marks, but there are significant objections to this, 
not the least being the resulting incompatibility between existing 
card files and new equipment. Another approach is the use of 
contacts opened by the leading edge of the card, but this is very 
difficult with endwise feed, owing to the close contact pitch 
required and the drag on the card. A very elegant solution uses 
clock pulses, generated by the track at a multiple of column 
frequency and accumulated in a counter whose ‘carry’ controls 
a pulse separator. Correct phasing of the ‘carry’ pulses and the 
hole signals is achieved by gating the clock pulses with a signal 
initiated by the leading edge of the card. 

The difficulties of designing a high-speed track for moving- 


NEW DIGITAL-COMPUTER TECHNIQUES 


card sensing are dependent primarily on the track velocity an 
the time allowable for presentation of the first column of infor, 
mation to the sensing head after receipt of the ‘feed next card 
signal. For this latter, a time of SOmillisec is possible bu 
5 millisec—more directly comparable with magnetic tape—ha 
not yet been achieved. Research into card behaviour at hi 
speed has shown that roll bounce is a significant factor. 
can be improved by reducing the mass of the spring-controlle 
roll. To make successful use of a commutator for indexing— 
which is economically very desirable—further research will 
necessary to improve the performance of both track an 
magazine. 

The silicon cell appears to be the most attractive new develop- 
ment, but many others are likely to become available wit 
current advances in solid-state physics. More efficient ligh 
sources will need to be developed. Self-indexing cards and the 
further development of high-speed tracks should result in a 
card reader that is very competitive with magnetic tape as 4 
computer input device. | 


A DESIGN FOR AN AUTOMATIC GRAPH PLOTTER 


By M. P. ATKINSON, B.Eng., W. T. BANE, B.Sc. 


Several machines have been designed to plot graphs auto- 
matically from digital information; those which incorporate 
scaling and zero-shift facilities have normally made use of 
analogue techniques to provide these. The present design uses 
digital techniques throughout, making the system less liable to 
accuracy limitations than its analogue counterparts. The 
increase in complexity of the circuits, however, means that the 
system is an economical proposition only when use is made of 
transistors and printed-circuit techniques. 

To plot a point automatically, it is necessary to position a 
plotting head so that its distance from a preset origin, measured 
along the co-ordinate axes of the table, is proportional to the 
co-ordinates of the point. The present system, which works in 
rectangular co-ordinates, achieves this by using a simple digital 
servo system on each axis, the operating principle of both 
servo-mechanisms being identical. 

The servo principle is based on the use of a counting technique. 
As the plotting head moves along an axis, electrical pulses are 
generated at fixed equal-displacement intervals, and are fed to a 
binary digital accumulator, which is arranged to contain a 
number representing the distance to be moved. With a scaling 
factor of unity, each pulse causes ‘1’ to be subtracted from the 
number in the accumulator. When this number is zero the 
plotting head has reached the required position and movement 
along the axis is stopped. At any instant, the number in the 
accumulator represents the distance to be moved and the sign 
of the number determines the direction of movement. 

No attempt is made to control the speed of movement in 
accordance with the magnitude of the error indication. The 
driving motors have three control positions, namely ‘forward’, 
‘reverse’ and ‘stop’. Motion on each axis is stopped by means 
of an electromagnetic brake, which is operated when the appro- 
priate accumulator registers zero, and a circuit has been designed 
which causes the brake to develop full torque in 4 millisec. 

Scaling factors between 4 and 1, quoted to ten binary places 
(1 in 1023), are achieved by subtracting from the accumulator 
a number equal to the scaling factor for each feedback pulse 
produced. The pulse is fed in parallel to chosen stages of the 
accumulator, as determined by the scaling factor. Short delays 
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in the ‘carry’ lines between successive stages of the accumulato1 
allow this to be done without interference occuring betweer 
direct input and ‘carry’ pulses to any stage. The scaling facto1 
is such that, for any input number, the distance moved is pro: 
portional to this number divided by the scaling factor. Factors 
less than 4 are obtained by multiplying the input number by 2. 
4 or 8 during the process of adding the number into the 
accumulators initially. With this system the maximum possible 
positional error is just less than two count intervals. 

To plot a series of points, the plotting head is first set to the 
position on the table which represents zero, and the accumulator: 
are set to zero. The co-ordinates of the first point to be plottec 
are then added into accumulators and the system is allowed tc 
run until both accumulators register zero. The point is ther 
plotted, and its co-ordinates are subtracted from, and those of th« 
next point added to, the accumulators, which therefore contaiz 
the difference between the two co-ordinates. The whole cych 
is then repeated until all the points have been plotted. 

The mechanical designs of the two axes are not identical 
although the same operating principles are used. The plottin: 
area is 10in square. Movement along the x-axis is obtained b 
moving the plotting table under a fixed gantry which carries th 
plotting head. In the y-direction the plotting head moves alon 
the gantry, which is set perpendicular to the direction of motio 
of the table. Both systems are kinematically mounted. 

The rotational movement of the driving-motor shafts i 
converted to linear movement along the axes by means of leac 
screws. The drive to the table and plotting head is transmitte 
from the lead-screws by means of shaped wheels which mes 
with the screw threads and are attached to the driven membe: 
The wheels are free to rotate about their own axes and als 
about an axis perpendicular to this, so that the plane of th 
wheels can take up the angle of the screw threads. Slidin 
friction between lead-screw and ‘nut’ is almost completely elimi 
ated by this arrangement, and a small low-torque motor 
capable of providing the driving force required. 

On each axis the electrical feedback pulses are obtained fro 
two photo-transistors. Light from a fixed lamp falling on tt 
photo-transistors is interrupted by a slotted disc attached 1 
the shaft of the driving motor. This disc has 20 slots equal 
spaced around its circumference, and the photo-transistors a: 


=r 


turned on and off 20 times during each revolution of the shafts, 
The signals from these photo-transistors are combined in such 
a way that for each switching cycle a pulse appears on one of 
two lines depending on the direction of rotation. 

a The digital accumulators are each made up of 22 identical 
binary stages. Each stage, which consists of four transistors 
and associated components connected on a printed-circuit 
board, can be disconnected easily from its accumulator rack, 
There are two input lines to each Stage, and the line which passes 
‘the ‘carry’ pulse from the previous stage contains a short delay. 
_ Transistors have been used wherever possible in the logical 
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and operational circuits of the sequence control system. It has 
been necessary to use a few relays as slaves to control Operations 
of motors and brakes, which require high voltages. 

With pulses produced at displacement intervals of 0-005 in 
the average accuracy of plotting a point is about 0-007in, 
although a point can be repeated with greater accuracy. The 
co-ordinates are presented in decimal form and are converted 
to binary form during the initial transfer to the accumulators. 
When the co-ordinates are presented to the machine in parallel, 


a plotting rate of 3 points/sec has been achieved for points close 
together. 


DISCUSSION ON 


PERIPHERAL EQUIPMENT—I 


The discussion was opened by Mr. D. F. Walker, who com- 
pared the effect on cost and complexity of plotting tables of the 
various methods of specifying information to them by means 
of computers. The first two methods, namely the normal 
co-ordinate method and the use of first-order difference, 
appeared comparable. The use of second-order difference 
would allow a reduction in the cost of producing information 
from a computer at the expense of a slight increase in com- 
plexity of the plotting table, but would seem to offer a reasonable 
compromise between these two parameters. This system would 
depend on the use of digital integrators. For systems used in 
machine-tool control the use of the second-degree incidence 
method of specifying currents represented a considerable reduc- 
tion in cost over other methods. Finally, Mr. Walker described 
a simpler method of converting digital information into linear 
movement by the use of a motor having a salient-pole rotor and 
wound armature. Feeding appropriate signals into the armature 
enabled the rotor to take up various positions. 

Mr. M. P. Atkinson replied to Mr. Walker by pointing out 
that the plotting table designed at the National Physical Labora- 
tory was intended to incorporate the maximum number of 
facilities. A simpler plotting table incorporating some of Mr. 
Walker’s suggestions might well be possible, although a system 
based on the use of second-order differencés would present 
difficulties. 

Mr. C. Strachey posed three questions, the first regarding the 
stopping position of perforated tape in the tape reader. Dr. 
D. J. Wheeler replied that the reader stopped within the diameter 
of one hole. 

Mr. Strachey’s second question dealt with the arrangements 
for the control of spooling on the unspooling unit of the high- 
speed tape punch. Mr. F. L. Turner in reply described a variable 
speed-feed system of the ‘potters wheel’ type. 

Finally, Mr. Strachey asked about the effect of humidity 
changes on the size of punched cards, and whether this presented 
any indexing problems. Mr. J. C. Davy replied that humidity 
had a very big effect, but the use of a system in which the card 
was self-indexing rendered the effect of humidity changes alone 
insufficient to introduce false indexing. 

Mr. W. P. Anderson followed with remarks on the use of 
computers as parts of large servo systems in process control. 
Here the digital computer was linked to the machinery to be 
controlled without intervening human action. He deprecated 
that the question of the type of link between the servo system 
and the controlled machinery had not been dealt with in the 
papers presented. ; 

Mr. Anderson also referred to the possibility of business com- 
puters assuming a more decision-making role, with a considerable 


reduction in the amount of output printing and a resulting 
requirement for a very small amount of output equipment. 

Mr. H. J. Corps took advantage of Mr. Anderson’s remarks 
on servo systems to describe a method of linking digital differ- 
ential analysers with conventional analogue-computing equip- 
ment. The first step was to deal with the problem of converting 
analogue voltages into a form suitable for feeding into an 
incremental computer. This could be achieved by feeding the 
convertor from the analogue voltage, and comparing the rise of 
current fed through binary-scale transistors at the point of an 
amplifier also connected to an analogue input current. If the 
two were unequal, an error signal resulted at the gap of the 
amplifier driving the transistor in the circulatory group of the 
binary number. A build-up of this resulted at the rate of one 
quantum per word until the binary numbers were in relation to 
the analogue input voltage. 

Mr. A. D. Ridlington queried Mr. Davy’s claim that self- 
indexing cards and the further development of high-speed tracks 
would result in a card reader very competitive with magnetic 
tape as a computer input device. Mr. Ridlington agreed that 
high card-reading speeds might be possible, but pointed out that 
the attendant problems of feeding cards into the reader at an 
equivalent speed would be formidable. He felt that reading 
speeds alone did not recommend one input medium against 
another, and whereas punched cards would remain useful for 
small or medium amounts of information, he doubted their 
adequacy as an alternative to magnetic tape for large-scale data- 
handling operations. Mr. J. C. Davy, replying, indicated other 
factors which should be taken into account when comparing 
punched cards and magnetic tape, not the least of these being 
the existence of punched-card files, where transcription on to 
magnetic tape had little to commend it as opposed to feeding the 
cards directly into the computer. 

Mr. N. F. Fossey requested further information on the nature 
of the checking device used on the high-speed tape punch. 
Mr. F. L. Turner described this as a mechanical sensing device 
using peckers which read the holes in the tape when the movement 
of the die placed the tape against them. The merit of a mech- 
anical as opposed to a photo-electric sensing was the short 
distance—three characters—between the perforating and reading 
positions. 

In response to Mr. Fossey’s request concerning the tape dis- 
penser associated with the high-speed paper-tape reader, Dr. D. J. 
Wheeler indicated first that no servo mechanisms were employed 
to spool tape directly after it had passed through the reader. 
A simple basket was used to collect the tapes. For feeding 
tape into the reader, a simple box of suitable dimensions sufficed, 
provided that the tape roll did not exceed 2in in diameter. 
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For longer tapes the tape was fed over a slightly spring- 
loaded roller. This prevented tape breakage due to sudden 
acceleration. ; 

Mr. Fossey’s final question dealt with the possible directions 
of feeding punched cards. Mr. J. C. Davy confirmed that, in 
fact, there were four possible directions of feed, although 
effectively these amounted to two only. In the broadside 
direction there appeared to be no virtue between vertically 
upwards and vertically downwards feeding. For indexing from 
the card, however, since the cards were printed in reference to 
the upper edge, this appeared to determine the logical direction 
in which to feed for sensing. For endwise feeding the logical 
direction was to the right, so that the reference edge was the 
left-hand one. This threw on to the indexing equipment the 
card manufacturing tolerance. In general, however, the advan- 
tages of logical presentation outweighed the disadvantages 
arising from increased inaccuracy. 

Mr. M. L. N. Forrest asked about the possibility of using 
germanium photo-transistors,’at least for serial card readers. 
Mr. J. C. Davy agreed with the attractive nature of these devices, 
but referred to the difficulties of mounting, involving optical 
spreading methods. Mr. Forrest also remarked on the effect of 
indexing by selection of one of a number of particular clock 
tracks, resulting in committal to whichever track was selected 
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for the rest of the ‘carry’, with the consequent inability to tolerate 
slip during further progress down the track while it was being 
read. ae 

Mr. J. C. Davy replied by amplifying his description of the 
indexing system, pointing out that the clock pulses came from a 
clock disc and were driven from the track drive. There was no 
question of a number of particular clock tracks. Nevertheless, 
there could still be problems of indexing due to slip, provided 
that this reached sufficient proportions. : 

Finally, Mr. R. E. Wright described two devices for inputs to 
computers. The first, the induction digitizer, was basically a 
transformer with a number of alternative flux paths. A common 
primary winding passed the alternative flux paths to a number of 
secondary windings and embraced flux, digits or windings. The 
polarity of the output voltage in respect of the primary voltage 
varied. Each digit of the output had a separate winding. | 

The second device was associated with digital differential 
analysers. In order to provide the incremental input on the 
channels of information, a ‘synchro’ could be used, and the sine~ 
cosine output interpreted as a fourth-stage signal. By reference 
to previous readings it was possible subsequently to determine 
whether the count had advanced or retired by one, and accumu- 
late this in the integrated digital differential analyser and therefore 
accumulate shorter positions. 
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SOME ASPECTS OF XEROGRAPHIC DATA PRINTERS 
By K. G. Huntley and J. HuGues, B.Sc., Ph.D. 


The basic element used in making a xerographic reproduction 
is a photo-conductive selenium layer which is sensitized by 
uniformly charging its surface. The layer is selectively dis- 
charged when exposed to an optical image, forming an electro- 
static image. This latent electrostatic image is made visible by 
applying suitably-charged finely-divided pigmented powder. 
Because of its relative impermanence, this powder image is 
transferred electrostatically to a permanent support, e.g. a sheet 
of paper to which it is fixed by the application of heat. The 
surface of the photoconductive layer is then cleaned of excess 
powder and recycled. 

The re-usable character of the sensitive material in xerography 
makes it particularly suitable for use in an automatic machine. 
In the xerographic continuous printer the photo-conductive 
surface is cylindrical and the charging, exposure slit, develop- 
ment, transfer and cleaning positions are suitably spaced around 
the periphery of the drum. Such a printer, in conjunction with 
a device for displaying characters (which here will be restricted 
to some form of cathode-ray tube), can be used as a computer 
output printer. 

The relatively low speed of present xerographic drums and 
a spectral response confined to the near ultra-violet and blue 
imposes certain limitations on the characteristics of the cathode- 
ray-tube screen. The general requirement is for a high- 
definition tube with a phosphor giving the maximum light out- 
put in the correct spectral range consistent with fast build-up 
time and short afterglow. Methods of displaying characters 
on a cathode-ray tube can be conveniently divided into schemes 
using special tubes and those involving conventional ones. In 
the special tubes the cross-section of the beam is made the shape 
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of the character to be displayed, in one type by using a limiting 
stencil diaphragm.* Features of this method of display are: 
(a) No complicated character-generating circuits are required. 
(6) Comparatively low beam-current density. 
(c) The character style is fixed. 
(d) The character size is not electronically controllable. 


(e) The electron-optical design of the tube is difficult. 
(f) Replacement cost is high. 


Schemes of character display using conventional cathode-ray 
tubes may be subdivided into those using a regular scanning 
raster, the character being displayed by the application of the 
appropriate brightness modulation waveforms, and those in 
which x- and y-deflection waveforms are generated appropriate 
to the required character (the character may be traced as either 
a continuous line or a succession of dots). 

The first scheme is analogous to a television link. The fount 
of characters may, for example, be a matrix transparency 
scanned by a flying-spot scanner or a monoscope. Further 
systems include one in which a core matrix is used to store and 
generate the brightness-modulating waveform.t When a con- 
ventional cathode-ray tube is used the character-raster wave- 
forms and the locating or ‘addressing’ potentials must be mixed 
electrically. This requires considerable scanning power, the 
amplifying circuits needing a large bandwidth and dynamic 
range. This may be overcome by using a tube with two inde- 
pendent means of scanning. One deflecting amplifier will provide 
the small deflections at high frequency required for the charactet 
raster, while a second will provide the large deflections, at a 


* PETERSON, R. M., and Ritcwart, R. C.: ‘Recent Developments in Shaped Beam 


and Recording Techniques’, I.R.E. National Conyention Record, March, 1958. 
Part 3, p. 21. 


t+ WaNG, A.: ‘High-Speed Number Generator Uses Magnetic M Matrices’ 
Electronics, May, 1953, p. 200. an vy task 
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much reduced bandwidth, for addressing. In one such tube, 
electrostatic deflection is used for character forming and electro- 
Magnetic deflection for addressing. 


o 


Features of methods in this category are: 


(g) The character storage and generation circuits are fairly 
complex. 


(h) Electronic control of character size is easy. 
(i) Very high peak current density is required, because of the 


inefficient use of the scanning raster. — 


. 


(j) The type of character is easily changed. 

(A) It is wasteful in time, since the beam is switched off for a large 
proportion of display period. 

(2) The tube replacement cost is low. 


In the second scheme suggested above, function generators 
produce the x- and y-deflecting waveforms appropriate to the 
character selected, and a blanking waveform is applied to 
the tube modulator to suppress the beam except during actual 
writing periods. Suitable continuous waveforms may be 
generated by methods similar to those proposed for analogue 
computers. Alternatively, the required waveforms may be 
quantized and generated as successive discrete levels, the display 
then being in the form of adjacent, or preferably slightly over- 
lapping, dots. In one such system the dot position co-ordinates 
of each character are stored digitally in a core matrix and 
subsequently converted to deflecting potentials in a digital- 
‘analogue convertor.* Other methods include the use of passive 
networks where each level of the quantized waveform is repre- 
sented by one element of the network. Methods in this category 


* British Patent No. 781340. 
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exhibit features (g), (4), (j) and (J), as before, but in this case the 
beam is on practically continuously during character display, 
and so the peak beam current-density is considerably less than 
before, although it is greater than in special cathode-ray tubes. 

A printer using a method in the second category has been 
successfully demonstrated by the authors in which characters 
are displayed at the rate of 5000 per second. The characters 
were formed by the successive display of up to 35 dots, each 
of duration 5microsec. Adequate exposure was obtained with 
a beam current of 150A and an optical system with aperture 
f[4-5, at a magnification of 1-1: 1. 

Some means for addressing the characters displayed across 
the screen must clearly be provided, and in the equipment con- 
structed by the authors the following scheme is used. A 7-stage 
binary register followed by a digital-analogue convertor produces 
the horizontal deflection potentials. For normal sequential 
display the contents of the register are increased by unity on the 
completion of a character; in addition, they may be set to any 
desired number by means of orders from the input medium, so 
that the printing position may be indexed for tabulating purposes. 

Of the two registers for vertical addressing, the first is cleared 
to zero at the commencement of each form and, by means of a 
count input, records the line number which is available under 
the printing head at any given moment. The contents of the 
second register are set up to the line number which it is next 
desired to print. The contents of the two vertical registers are 
compared in coincidence logical circuits so arranged that further 
reading of data from the input medium is inhibited when their 
contents are not equal. 


A HIGH-SPEED LINE PRINTER USING OPTICAL METHODS 
By G. G. SCARROTT, Associate Member, and J. A. Freer, M.A., Graduate. 


As computers become faster it becomes increasingly difficult 
to make mechanical printers to match them in speed of handling 
information. Yet in order to get most value from a computer, 
particularly in a data-processing system, it is important that a 
sufficiently fast output printer should be available. The printer 
to be described is an attempt to satisfy this need. An optical 
method has been adopted which allows the complete elimination 
of reciprocating mechanisms, so that the mechanical design can 
be very simple. A second feature of the design is that compli- 
cated electronic components and precise analogue-control 
wavetorms have been avoided. « 

The essence of the method of producing a line of print is that 
master characters are illuminated as required and their images 
are projected by a lens on to a moving photographic recording 
medium. The master characters are opaque on the surface of a 
continuously rotating transparent cylinder. Positions are 
defined along the axis of this cylinder to correspond with each 
character position within a printed line. In all these positions 
the full set of available characters is inscribed round the 
circumference of the cylinder. 

One of the limits to the speed of a photographic device is the 
exposure required by the sensitive material. Because the master 
characters are moving, it would normally be possible to allow 
only very short exposure or a blurred image would result. To 
compensate for this motion and to maximize the exposure, 
concave cylindrical surfaces are cut in the drum. Their curvature 
js such that when a character is projected it is apparently on the 
axis of rotation and therefore stationary. 


Mr. Scarrott and Mr. Freer are with Ferranti, Ltd. 


Simple unfocused cathode-ray tubes are used as sources of 
light. One tube is provided for every character position within 
a line, and a system of light guides directs the light from the 
face of each tube to illuminate one master character position. A 
ferrite-core matrix controls the sequence of turning on light 
sources. ‘The rectangular matrix has a row for each of the 
available characters and a column for each character position 
in a line. 

Data specifying one line of print is decoded into the rows, 
characters going to successive columns. Each column then 
contains only one core in the ‘set’ state. The line of print is 
formed during one revolution of the master cylinder. As each 
row of characters on the cylinder comes opposite the row of 
light guides, a full ‘reset’ current is passed through the corre- 
sponding row of the matrix. In being reset, any core which was 
previously in the set state emits a voltage pulse. This pulse is 
used to turn on the light source in the corresponding column 
for an accurately defined time. In this way the line of print 
is built up in the order in which characters pass the light sources, 
no matter in what columns these characters occur. 

Since different characters are exposed at different times, it is 
necessary for the recording medium to be effectively stationary 
during the printing operation. If the medium were to be literally 
stationary, an intermittent motion would be necessary. To 
avoid this, a square prism is used to deflect the image formed 
by the projection lens. The prism rotates in synchronism with 
the master drum and causes an image displacement proportional 
to its angular rotation. Thus the photosensitive material may 
move at constant velocity, while the displacement of images 
ensures that all characters are, in fact, printed in a straight line. 
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A HIGH-SPEED STYLUS PRINTING SYSTEM SUITABLE FOR USE WITH MAGNETIC TAPE OR i 
PUNCHED CARDS 


By J. H. Lucas, B.Sc.(Eng.), Member. 


The stylus printing technique described offers the facility of 
defining the shape of a character by a train of electrical impulses 
instead of by the actual configuration of the character on the 
face of a type-wheel or type-bar. This enables characters to be 
selected by a switching operation, which can be either electro- 
mechanical or electronic, instead of by the physical movement 
of the type carrier. The combination of stylus printing and 
electronic switching offers the prospect of providing a reliable 
high-speed line-printer capable of meeting the requirements of 
high-speed data-processing systems, particularly for commercial 
applications. 

The system described was developed with the primary object 
of providing a high-speed line-printer suitable for printing 
directly from information recorded on punched cards. A 
second stage of development has been directed towards providing 
a line-printer capable of accepting information serially at 
character rates compatible with magnetic tape. 

The printing system is based on the use of a single stylus per 
character, and has not previously been described in technical 
literature. In the simplest form, the stylus consists of a thin 
flexible steel wire, the point of which is made to sweep to and 
fro across the surface of the paper, which is fed slowly forward 
at the same time. In this way the stylus point can be made to 
sweep a raster over the area to be occupied by a character. By 
interposing carbon paper or ribbon between the stylus and the 
paper, and by driving down the stylus at predetermined intervals, 
a pattern of dots can be printed which gives an acceptable 
representation of the desired character. A line of print is 
obtained from a row of styluses operating in parallel and having 
a common reciprocating drive to provide the sweep. Driving 
impulses are applied to each stylus through an electro-mechanical 
transducer, and can thus be generated as electrical impulses, 
which can readily be switched to the required styluses. 

In the punched-card printer the pulse patterns for each 
different character are generated by commutator-type switches 
‘with segments appropriately spaced, which rotate once per line 
 rint. One such commutator switch is required per character. 
The styluses are driven through Bowden cables by moving-coil 
units similar in pattern to those used for loudspeakers. Con- 
nections between the commutator switches and the moving- 
‘coil driving units are effected through a relay switching matrix. 
Information punched in the card is sensed in parallel and used 
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to set up the relay matrix during the interval preceding eacht 
line of print. Machines working on this system at 300 lines/mi 
are in existence. . 

Such a system cannot be adapted to accept digital information 
in serial form, as required for use with magnetic tape, withou 
the intervention of a separate buffer store to provide the — 
parallel setting. To avoid this necessity, an electronic type of 
switching matrix has been developed, which makes use of sub- 
miniature gasfilled triodes. These tubes combine the a 
of storage and switching, as can relays, but they can be set, 
(triggered) very much more rapidly. This property makes 
serial setting of the matrix a practical possibility, and avoid; 
the need for additional buffer storage. Subminiature gasfill 
tubes cannot switch at such high power levels as relays, and for 
this reason a power amplifier must be provided for each stylus: 
coil-unit. 

A system based off gas-tube matrix switching (using type: 
GTR 120 tubes) has proved capable experimentally of accepting; 
information serially at a character rate of well over 20kc/s. The: 
lower limit is set by the number of characters to be entered in 
the time available between successive lines of print, and is about. 
2kc/s in a practical machine. 

The lower power level at which switching takes place in the 
gas-tube matrix opens the way to more refined methods of 
generating the character pulse trains. A photo-electric system. 
using perforated brass discs in conjunction with semiconductor 
photocells has proved quite satisfactory. The elimination of 
mechanical contacts both for character generation and for 
matrix switching has obvious advantages in increased reliability 
and reduced maintenance. 

The printing speed of the system described above is limited to 
a practical upper limit of 300 lines/min by the response time of 
the moving-coil elements and by the required rate of lateral 
reciprocation of the styluses. Further developments are in 
progress to provide a type of stylus drive with a faster response 
and with the additional advantage of requiring a lower energy 
pulse for actuation. 

The possibility of using ferrite cores as matrix elements instead 
of gasfilled tubes was originally rejected, owing to the difficulty 
of non-destructive read-out. It has now been shown that the 
need for non-destructive read-out can be avoided by storing the 
dot-position information in the matrix. The development of 
this idea is the subject of a separate contribution to the 
discussion. * 


* ELLson, A. H.: See below. 


‘A FERRITE-CORE BUFFER STORE AND CHARACTER GENERATOR FOR USE WITH A HIGH-SPEED 
STYLUS PRINTER 


By A. H. ELLson, B.Sc.(Eng.), Associate Member. 


The techniques which are described here have been developed 
with particular reference to the high-speed printing system which 
is the subject of an earlier contribution.* If such a printing 
system is to be connected directly to a high-speed computer, it 
must be able to accept the information for a line of print at the 
‘computer digit rate. Furthermore, the printer should operate 
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‘on demand’, i.e. it should be possible to control the paper: 
positioning and character-generating systems from the compute: 
in such a way that, when the ‘print’ order is given, printing anc 
paper feeding can commence with the minimum of delay. 

A ferrite-core matrix is a compact and convenient buffer stor 
which will accept information at rates up to about one complet 
character every Smicrosec. If the wiring of the matrix i: 
arranged so that the required dot pattern is generated anc 
stored as each character is read in from the computer, the norma 


e. sys 


silitates the achievement of an ‘on demand’ printer operation 
h starting times of the order of 10 millisec. 

A buffer store has been constructed which will accept 6-bit 
parallel-coded character information from a computer at a 
digit rate of 200kc/s. Storage is provided for 96 characters in a 
line of print. 

_ The store matrix consists of 96 columns (one for each character 
position) and 121 rows (one for every possible position of a dot 
on the scanning raster). There is a 2mm ferrite core at the 
intersection of each row and column. When information is 
being inserted, each 6-bit group is decoded by a core-diode 
network to feed a half-current into one of the 64 possible paths 
entering the store matrix in the row direction. The decoder 


oa on the ‘current-steering’ pfinciple first described by 


me 
: 


arnaugh.* A set of six binary pairs of cores are switched by 
he input code pulses during a single digit time (about 2 microsec). 
pplication of a resetting m.m.f. to these cores during a subse- 
uent 2} microsec period induces voltages in certain of the 
findings which bias associated diodes in such a way as to steer 
an applied current pulse into one path out of the possible 64. 
Each path from the decoder corresponds to a particular letter 
or figure and is wired in the matrix to traverse only those rows 
which correspond to dot positions included in that particular 
character shape. Since each dot position may be common to 
several different characters, the matrix is threaded initially with 
18 wires through each row of cores. (Experience has shown 
this number to be sufficient.) When the interconnections are 
made to form the character shapes, one of these wires is used 
as part of the input current path for every letter or figure which 
shares a particular dot. 
_In the column direction an additional half-current from a 


* KARNAUGH, M.: ‘Pulse Switching Circuits using Magnetic Cores’, Proceedings 
of the Institute of Radio Engincers, 1955, 43, p. 570. 


A HIGH-SPEED 
By F. R. THOMAS, 


The increasing use of electronic computers for commercial 
xpplications has resulted in the need for high-speed output 
winters capable of producing documents of the type customary 
n business transactions. In some of these applications the 
yolume of printing required makes the use of high-speed line 
sinters essential, and various mechanical and electrographic 
sinters are now available to. meet the needs of this particular 
ield. The nature of these machines and the need for the storage 
f a complete line of information for each printing cycle neces- 
itate a primary cost which is too high to permit their economical 
Ise in installations where such a high rate of output is not 
ssential. For such types of installation, which include small 
lata-processing systems and heavily loaded scientific computing 
ystems, the requirements are likely to be met by a printer 
apable of medium-speed operation and automatic layout con- 
rol, but requiring only simple controlling apparatus. 

The availability of such-a machine would also confer econo- 
nically a remarkable degree of flexibility in regard to 


(a) Overall speed, since they could be used in groups. ‘ 

(b) The capability of dealing simultaneously with different 
documents, since they can be separately programmed. 

(c) The maintenance of continuity of service in case of breakdown, 
Owing to the possibility of sharing the computer output between 
several relatively low-priced units. 
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core-diode ‘stepping circuit’, driven in time with the input 
source, ensures that character positions are filled sequentially. 
Current-steering principles are again used for this stepping 
circuit. 

When all 96 columns have been filled a second ‘stepping 
circuit’, driven by the printer mechanism, steers a current through 
each of the 121 rows in turn, at intervals corresponding to the 
dot positions in the scanning raster. The current in this case 
is made sufficient to reverse the state of any cores which were set 
during input, so that an e.m.f. is induced at any given dot time 
in every column wire which threads a set core. 

Amplifiers connected to each of the columns are used to 
actuate the stylus drive. In this way patterns of dots are 
impressed on the paper in each character position to reproduce 
simultaneously the 96 characters stored in the line. 

In this particular application the time taken to transfer 96 
characters from the computer to the buffer is 1 millisec. The 
printer takes 55 millisec to print the complete line and 45 millisec 
to move to the next line. The arrangement is such that, if in the 
intervening 45 millisec the buffer has not been filled, the paper 
will stop. The scanning system continues to run and to send 
interrogation pulses to the core store. The store ‘read-out’ 
system, however, is not permitted to operate until a signal is 
received indicating that the buffer has been filled. When this 
occurs, 10millisec is allowed for the paper to accelerate to 
speed and printing begins with the first dot of the next raster 
line. 

The larger number of matrix elements required to store the 
complete dot patterns for a line of print is compensated for by 
the elimination of a separate character-generating device. The 
use of a ferrite-core matrix to perform both functions leads to a 
compact, non-synchronous and reasonably economical system 
particularly suitable for operating the printer direct from a 
computer. 


SERIAL PRINTER 
Associate Member. 


Consideration of the various design possibilities has led to 
the conclusion that a mechanical serial (character-by-character) 
printer would provide the most effective solution. This solution 
makes for simplicity in the driving circuits, since only modest 
buffer arrangements are needed and control from an inter- 
mediate tape store can be effected very simply. Taking into 
account the related factors of speed, maintenance and prime 
cost, it is believed that a printing rate of 100 characters/sec 
will be appropriate for such a printer. The net speed would 
be somewhat lower, since the functions associated with the 
movement of the type carriage to the beginning of a new 
line and to tabular positions occupy a certain amount of time, 
although this can be minimized by suitable design. A suitable 
method for obtaining such a speed, which is roughly ten times 
higher than that of current serial printers, is the use of mosaic 
printing, in which the characters are not selected from a fount 
of solid type pads but are composed by the use of a5 x 5 matrix 
of printing styluses and printed through a one-time carbon strip 
on to the paper. Sufficient power can be made available in the 
movement of the styluses to permit up to five carbon copies to 
be produced. 

The machine can be internally programmed to provide, not 
only horizontal tabulation, but also vertical tabulation or form 
throw. 
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DISCUSSION ON | 
PERIPHERAL EQUIPMENT—II 


The discussion was opened by Mr. E. A. Newman, who asked 
all contributors for an indication of the capital cost per digit for 
the various printers which they had described. All of the 
speakers regretted their inability to provide this information on 
the grounds either that the machines described were still in the 
development stage or—in the case of Mr. K. G. Huntley—that 
he considered it unethical to quote costs, although he did feel 
that the xerographic printer would compare very favourably 
with slower printers in terms of cost per character per second. 

Mr. Newman then queried the feasibility of a printer which 
combined techniques taken from more than one of those 
described. Mr. Huntley referred to common ground existing 
between the techniques incorporated in the xerographic machine 
and the optical printer described by Messrs. Scarrott and Freer. 

Dr. J. M. M. Pinkerton described the advantages of on-line 
printers, but indicated the necessity for fast paper feed with this 
type of operation. 

Mr. K. G. Huntley, in reply, indicated that the problems of 
on-line printing could be solved using magnetic tape as a direct 
output, which, in turn, could drive the printers off-line in their 
own independent time schemes. An alternative would be to use 
several printers on a time-sharing basis. Mr. Huntley further 
indicated the merits of continuous paper feed, and contended 
that the high speed of operation of the xerographic printer out- 
weighed any disadvantage due to such techniques. 

Mr. J. A. Freer agreed with Dr. Pinkerton in the desirability 
of on-line printers, and suggested that it might be possible to 
remove some of the disadvantages of continuously feeding paper 
by recording on microfilm. 

Mr. J. H. Lucas indicated that servo systems for paper-feed 
control had been considered, but did not appear to have a 
decisive advantage over a straightforward high-precision mech- 
anical system, and at the same time were expensive. 

Mr. A. H. Ellson pointed out that high-speed paper-feed 
mechanisms did not start and stop merely the paper. The 
problem of starting and stopping paper for simple line feed was 
not difficult. Even the problems associated with considerable 
throws of paper were not incapable of solution. 

Mr. G. D. Royle felt that the session was devoted to the 
description of two categories of printer, that using reciprocating 
mechanisms and that using plain rotating principles, the latter 
being capable of fundamentally higher speeds. The applications 
of high-speed printing appeared to be threefold. The first was 
to produce information which acted as input to further machines, 
which appeared to be an unlikely possibility. The second was 
the use of high-speed printers to provide short bursts of printing 
which would not hold up the computer. Finally, there was the 
production of large volumes of printing with the corollary of a 
large number of human readers. So far as the use of preprinted 
stationery was concerned, the xerographic and optical printers 


made this unnecessary, unless printing on the backs of forms 
printing in different colour was required. 

Finally, Mr. Royal commented on the main weakness wil 
ultra-high-speed printers lying with an inability to for 
throw at high speed, thus effectively reducing the net speed 
operation. 

Dr. K. Chandler felt that both the xerographic and optic 
printers described would be expensive, and asked whether ar 
reduction in speed might result in lower costs, while still pr 
viding adequate speeds for most purposes. Mr. K. G. Huntle 
replied to the effect that, despite a small economy resultir 
from speed reduction, the cost per character per second wou. 
certainly increase. | 

Dr. Chandler went on to illustrate a means whereby the spee 
of the optical printer might be easily increased. Mr. G. ¢ 
Scarrott, in reply, felt that Dr. Chandler’s suggestion would, : 
effect, result in the printing on the paper of a series of ve 
long rectangles, with the effect that the available light wou 
need to be spread over a much wider area with the resultir 
disadvantages. 

Mr. A. D. V. Ridlington queried the length of life of tl 
selenium surface of the xerograph drum, and Mr. K. G. Huntle 
replied that this was approximately 120000 ft of paper. 

Mr. N. A. F. Williams asked whether any hydraulic resonane 
had been experienced on the high-speed serial printer, particular 
at different printing speeds. Mr. F. R. Thomas indicated that r 
such troubles had been experienced, particularly because t1 
speed of printing remained constant. 

Mr. B. W. Pollard proffered the suggestion that pre-c 
stationery could be fed into the xerographic printer a sheet at 
time and printed as it came out. Following on this, he querie 
the possibility of writing individual lines on the selenium roll 
as the information became available from the computer, ar 
printing off the whole contents of the roller when filled or whe 
the printing operation was called for. Mr. K. G. Huntley replic 
to the effect that this represented a practicable proposition. 

Mr. L. R. Crawley referred to the necessity with high-spex 
paper transport of printing the form outline at the same tin 
as the information. He also requested details of the work beit 
done to provide colour copies on both the xerographic ar 
photographic equipment. Mr. K. G. Huntley indicated th 
work was proceeding on the question of colour, but at prese 
nothing was available. é 

Finally, Mr. J. K. Webb queried the relative merits of tl 
serial-mode matrix printer against a line-at-a-time matrix printe 
He also referred to the improved appearance derived from 
7 x 5 matrix as opposed to 5 x 5 one. Mr. F. R. Thom 
replied that both the serial mode of operation and the choi 
of a 5 X 5 matrix were dictated by an endeavour to achie 
simplicity and economy. 


__ SESSION 4.—LOW-TEMPERATURE STORAGE AND SWITCHING DEVICES 


INTRODUCTORY LECTURE 
By D. R. YounG, Ph.D. 


4 In 1956 Buck* published a paper describing the development 
of a wire-wound switching device called a ‘cryotron’, which used 
magnetic control of the state of a superconducting wire. He 
also described several circuits of interest for application to 
computers. The speed of operation of these circuits was in the 
kilocycles-per-second, range, owing to the L/R time-constants 
of these devices. 
r In 1957 Crowe} and Garwint described the operation of a 
memory device utilizing thin superconducting lead films which 
operated in the millimicrosecond region, thus demonstrating 
the potential high speed of operation of superconducting devices. 
To provide the switching functions needed for a high-speed 
_* Buck, D. A.: Proceedings of the Institute of Radio Engineers, 1956, 44, p. 482. 


+ Crowe, J. W.: I.B.M. Journal of Research and Devel t, 195 i ; 
a eo te arch and Development, 1957, 1, p. 304. 


———— 
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low-temperature computer it has been necessary to develop a 
high-speed cryotron. This has also utilized thin super- 
conducting films and has been named the ‘planar cryotron’. 

Successful circuit operation requires that a cryotron is able to 
control a larger current than is needed to do the controlling. A 
significant portion of the work has been directed with this 
requirement in mind, and the resulting techniques used for the 
solution will be described. 

The progress made to date in film reproducibility will be 
indicated. This will include data on the effect of the gas content 
of tantalum on its superconducting properties, which indicates 
the importance of the degree of vacuum obtained during the 
evaporation process. 

The operation of some simple circuits will be described and 
a graphical method for predicting the circuit performance from 
the control characteristics of the cryotrons used will be 
presented. 


THE SUPERCONDUCTION OF SWITCHING AND STORAGE 
By K. A. G. MENDELSSOHN, M.A., D.Phil., F.R.S. 


Superconductivity was discovered in 1911 by Kamerlingh 
Qnnes; but, in spite of the lapse of almost half a century, we 
still have no completely satisfactory theory of the phenomenon. 
In the other hand, an enormous number of experiments have 
seen performed with superconductors, so that we now possess 
a well-defined phenomenological picture of the unusual effects 
nvolved. The salient feature is, of course, the complete loss of 
esistivity, which has been demonstrated by maintaining a per- 
sistent current in a simple ring for over a year without measurable 
jecay. The disappearance of resistivity occurs, for a pure metal, 
liscontinuously at a given temperature, the transition point, T,, 
eing characteristic of the metal and ranging from 0-5° K to 
(0° K for pure metals. The highest 7, so far has been found in a 
;ompound of niobium and tin (about 18° K), and for a number 
sf reasons it appears at present unlikely that appreciably higher 
values of T,can be obtained. This means that devices embodying 
uperconductors require the use of liquid helium. (Liquid 
yydrogen under much reduced pressure, which could be used in 
onjunction with niobium compounds, is hardly a feasible pro- 
osition.) With adequate quantities of helium gas from natural 
vells, and with commercially produced helium liquefiers—both 
yf which are now available—the temperature region below 10° K 
$ open to practical applications. The least complication is 
ncountered by working at 4-2°K (the boiling point of helium), 
just above it. The critical point is at 5-2° K, and temperatures 
lown to about 1° K can be obtained by pumping off the vapour. 

Only certain metals, none of them monovalent, have been 
ound superconductive. Of these, only those whose T, is not 
00 low are, at the present state of cryogenics, suitable for appli- 
ation in switching devices. They are: niobium (9:2°K), 
sad (7-2° K), vanadium (5-:1°K), tantalum (4°5° K), lanthanum 
4-4°K), mercury (4:1°K), tin (3:7°K), indium (3:4°K) and 
hallium (2:4°K). At our present state of knowledge the use 
f alloys or compounds is inadvisable, and lanthanum, mercury 
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and thallium have undesirable properties. For reasons stated 
below, niobium, vanadium and tantalum present difficulties, 
which leaves lead, tin and indium, of which only lead has a 
T, value above 4:2°K. 

Superconductivity can be quenched by a current or by an 
external magnetic field corresponding to it. The critical data 
are usually expressed as temperature-dependent fields, H,, 
which are characteristic of the metal. For all superconductors 
H,=0 at T, and becomes temperature independent near 
absolute zero, the H,/T, curve being roughly parabolic in shape. 
The value H,~ro/T, is of the order of 100 oersteds/deg for 
the soft metals and about 200 oersteds/deg for the hard ones. In 
addition to being perfectly conducting, the superconductors are 
also perfectly diamagnetic, and these two conditions are not 
consequences of each other in Maxwell electrodynamics. Com- 
plete expulsion of magnetic flux is strongly dependent on phy- 
sical and chemical purity, and for this reason the hard metals 
are at present more difficult to use than the soft ones. This is a 
drawback with niobium, vanadium and tantalum, which would 
otherwise be admirable for switching devices. 

Superconductive switching devices generally work through the 
quenching of superconductivity by an external field, usually 
produced by another superconductor. The transition between 
the superconductive and normal states is attended by thermal 
and electrodynamic effects, which tend to reduce the speed of 
switching. Both of these are volume effects, and it is therefore 
necessary to use fine wires or thin films for fast switching. For 
the above-mentioned reason, most experiments in the latter 
field have been made with lead, and switching speeds of 25 milli- 
microsec have been reported. Circuits are usually so arranged 
that the switch is open in the normal state and closed in the 
superconductive state. Moreover, the use of persistent currents 
allows the construction of excellent memory devices for large 
storage devices to which access can be rapid. If to these features 
we add compactness and negligible power dissipation, the 
advantages may easily outweigh the use of liquid helium. 
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SPECIALIST DISCUSSION MEETINGS ON NEW DIGITAL-COMPUTER TECHNIQUES 


SUPERCONDUCTING STORAGE DEVICES 
By J. M. Lock, Ph.D. 


In a superconducting circuit it is possible to set up a persistent 
current which, because the circuit has zero resistance, will con- 
tinue to flow indefinitely, and left- and right-handed persistent 
currents can then be used as the two states of an information- 
storage device. To switch the device from one state to the 
other, use is made of the fact that, if the current in the circuit 
is raised above a certain critical value, superconductivity is 
destroyed, the normal resistance returns and the current decays. 
Such changes can be brought about by means of a drive wire 
linked inductively with the superconducting circuit, and positive 
and negative drive-current pulses then produce persistent currents 
in opposite directions. 

The speed with which such a device can be switched from one 
state to the other depends, among other things, on the rate at 
which the supercurrent decays when the normal resistance is 
restored; in other words, on the L/R time-constant of the circuit 
in its normal state. To make this time-constant very small, the 
storage elements are made in the form of a thin film, prepared 
by evaporation of the metal in vacuo, and each element is only 
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a few millimetres across. L is then small and R reasonabl; 
large, so that L/R can be made less than about 10 millimicrosec 
The switching speed also depends on the rate at which the hea 
produced when the superconductor is driven resistive can bs 
dissipated, and this in turn depends on the nature of the substrat 
on which the film is deposited. 

The behaviour of thin films of lead and tin has been studiec 
at temperatures down to 1:5°K, and using tin—which has ¢ 
lower heat capacity and hence tends to have a lower therma 
time-constant than lead—persistent-current elements have beet 
made which can be switched in less than 50 millimicrosec. h 
addition, critical current measurements have been made on bot! 
planar and cylindrical evaporated films, and have yielded infor 
mation on the L/R and thermal time-constants of the storag 
elements. They also lead to an estimate of not less than 20 Me} 
for the maximum rate for repetitive switching. 

It is considered that it would be feasible to use this type o 
storage element as the basis of a large computer memory con 
taining as many as 10’ bits, and with a random access time o 
less than 50 microsec. 


THERMAL RELAXATION TIMES IN THE TRAPPED-FLUX STORAGE DEVICE i! 
By O. SIMPSON, M.A., Ph.D. 


In any storage or switching device employing a super- 
conductor the cycle of operations will necessarily include an 
interval when current is flowing in normal metal. The Joule 
heating accompanying the normal current causes a temperature 
rise in at least a part of the structure, and the thermal relaxation 
time consequently imposes a limit on the maximum repetition 
frequency of the device. 

Experiments have been performed at the Services Electronics 
Research Laboratory to study the thermal relaxation of super- 
conducting lead films on various substrates. In order to apply 
the results to a case of practical importance, the films were made 
as trapped-flux storage elements, or Crowe cells. After measure- 
ments had been made of their storage characteristics, the cells 
were modified by introducing an open-circuit in the persistent 
current loop; this allowed further measurements to be made on 
the crossbar alone. The results are, however, qualitatively 
applicable also to thin-film cryotrons, or any other device 
employing a superconducting film deposited on an insulating 
substrate. 

The experiment consists in applying in succession two current 
pulses to a parallel-sided strip of superconducting lead film 
immersed in liquid helium. The pulses have a half-width of 
10-8sec, and the time interval between them can be varied 
from zero to 10microsec. For convenience of observation a 
repetition rate of a few kilocycles per second is used. The 
amplitude of the first pulse is just sufficient to drive the strip 
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normal; this causes a temperature rise of about 3°K. Th 
amplitude of the second pulse, following after an interval f¢, 1 
adjusted to the value I,(¢) at which it is just sufficient to driv 
the film normal again. Since the critical current is a decreasin 
function of temperature, the amplitude of the second pulse wi 
be less than that of the first pulse if the film has not cooled t 
the temperature of the helium bath. The measurement 1 
repeated over the relevant range of delay times ¢. If the critic 
current is also known as a function of temperature, the value 
of I(t) can be used to deduce the cooling curve. The calibratio 
of the critical current, I(T), is made on the same specimens in 
separate experiment. 

Similar films were deposited directly on to three substrates- 
glass, mica and sapphire. The experiment was performed < 
4-2°K and also below the A-point in helium IJ. Preliminar 
results show the following: 


(a) The average thermal relaxation time on glass is 1-5 x 10-7se 

(6) The relaxation times on mica and sapphire are 10-20 time 
shorter than those on glass. 

(c) The relaxation time is not materially reduced in helium I 
showing that the heat is dissipated predominantly in the substrate. 

(d) The maximum repetition rate of a film, working as a trappec 
flux storage cell, varies between 30 and 500 x 10-9sec, and 
correlated with the thermal relaxation time. 


The lead-film storage cells were made by Mr. R. Broom, wh 
also carried out the experimental work. Full details of tt 
results will be included in a subsequent publication. 
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| DISCUSSION ON 
. LOW-TEMPERATURE STORAGE AND SWITCHING DEVICES 


Dr. J. M. Lock opened the discussion by asking Dr. 
D. R. Young whether he or his associates had made any 
direct measurement of the switching speed of the thin-film 
sryotron. Dr. Lock’s calculations indicated a switching time 
of 100 millimicrosec using Dr. Young’s value of L = 10-1! 
henry/em. Dr. Young replied that, with a circuit length of 
Lom, L/R for their cryotron was calculated-to be 3 x 10-!° sec, 
assuming a resistivity of 1 microhm-cm, which is higher than that 
observed with tin films. In practice, circuits have operated more 
slowly in the 1 Mc/s range with circuit lengths of about 5cm; 
and he did not know whether they would get to the millimicro- 
second range. 

_ Mr. T. O. Stanley was pleased with the emphasis placed on 
thermal effects, because of their great engineering importance 
in the building of cryotrons. He asked whether the dependence 
of the thermal time-constant with respect to the thickness of the 
thin film had been measured. Dr. J. M. Lock replied obliquely, 
saying that there would be a longer thermal recovery time with 
thicker films, but the only reason for making a thicker film would 
be to increase the critical current (which could more easily be 
done by increasing the width of the film, thus increasing the area 
of contact and leaving the thermal time-constant much the same). 

Mr. L. P. Morgan questioned Dr. Lock on the drive currents 
which he had used with his Crowe cells, and asked whether it 
were possible to make his units 100 times smaller, because of the 
very large path length which would be involved when wires 
threaded all bits of a 107-bit store. Dr. Lock replied that the 
critical drive current was dependent on the temperature of the 
elements, and he usually worked with drive currents of 0:2- 
0-Samp. When a Crowe element is switched about Li? of 
power is dissipated—about 10~!° joule in practice. When 
building these elements into a large store he proposed to have 
planes of elements 8in square, stacked with spacings of about 
imm. He believed that it was possible to attain a random- 
access store in which wires linked only a single row of elements, 
which meant that the length of wire involved would be only 
8in or so, i.e. a transit time of less than 1 millimicrosec. The 
necessary selection circuits would also be in the liquid-helium 
bath. 

Dr. B. H. Rhoderick described an apparently simple experi- 
ment in which rectangular pulses, about 0-5 microsec long, were 
pulsed through a thin-film strip of lead and the voltage across it 
observed with respect to time. Until the amplitude of the 
current pulse exceeded the critical current, no voltage was 
observed, but above the critical current a steadily rising voltage 
was observed after an initial time delay. When the voltage pulse 
was long enough to climb to a value corresponding to the 
normal resistance of the lead strip at a temperature just above 
the transition point, the curve broke and the voltage stayed 
almost constant at that value. It is known that such lead strips 
will switch in a Crowe element in about 10 millimicrosec. 
Therefore, only about a tenth or a fiftieth of the normal resistance 
returns during the drive-current cycle. Secondly, it is deduced 
that when making a planar cryotron a larger critical field has 
to be used for dynamic operation than that measured under d.c. 
conditions, and any measurement of current gain with direct 
surrent may not be applicable with very short pulses. Dr. D.R. 
Young suggested that the slow part of the voltage rise might be 


due to the thermal spreading effect, wherein the switching 
process started at some imperfection in the film and spread 
across it. Others had mentioned that the critical currents 
measured for devices were considerably smaller than those 
expected, which was thought to be due to these imperfections 
in the film, and that slow switching times were found in these 
conditions. When the switching rates of the transition from the 
superconducting to the normal state in thin films were studied 
with an applied magnetic field rather than by self-current, the 
slow part of that voltage response did not appear and the critical 
fields observed compared more closely with those expected from 
bulk measurements. Dr. Rhoderick expressed disagreement 
with the thermal spreading explanation. 

Mr. R. Hayes, who had been doing some work on the switching 
time of small bars of germanium at liquid-helium temperatures, 
asked for information about impact ionization phenomena, but 
could get no reply from those present. 

Dr. J. E. R. Young asked about the crystalline nature of 
Dr. Simpson’s sapphire substrate, and wondered whether any 
work had been done on epitaxial deposition of thin films on 
the faces of good crystals with a view to getting a better impe- 
dance match for thermal vibrations at the interface between 
metallic film and substrate. Dr. O. Simpson answered that he 
used cleaned and polished commercial sapphire and that he was 
very interested in the relative natures of the substrate and the 
film. Films had been examined with the electron microscope 
in the hope of correlating their structure with the nature of the 
substrate. No correlation had been found, but films which 
definitely reach superconductivity were seen in the electron 
microscope to have no obvious continuous path across them, 
and displayed a complicated structure of unconnected islands 
of metal. The crystalline structure of the lead films did not 
often coincide with these islands and much more work was 
needed in this area. 

Dr. K. A. G. Mendelssohn mentioned measurements by 
Professor Blackman which indicated that the state of the metal 
film was more insensitive to the crystal structure of the substrate 
than might have been expected, or that other factors in deposi- 
tioning the film seem to be more important. 

Mr. T. O. Stanley asked about the effect of the temperature 
of the substrate during the evaporation of the metal film, and 
Dr. Mendelssohn mentioned detailed experiments done at Bristol 
in the early 1930’s to indicate that the temperature of substrates 
affected the metal films deposited on them in a complicated way. 
Generally speaking, at very low temperatures the atoms being 
deposited had very low mobility and there was a likelihood of a 
somewhat amorphous film. At high temperatures there was 
much more tendency for the atoms to form a crystalline arrange- 
ment. A question which he thought should be asked was: how 
permanent is anelement? With single crystals it was found that 
their conductivity and critical field were likely to change in the 
course of some months at room temperature. Dr. O. Simpson 
replied that lead cryotrons had not changed their properties 
over several months, even though taken in and out of a low- 
temperature bath many times. 

In closing, Mr. J. K. Webb emphasized the commercial impor- 
tance of cryogenic memories if they could be produced at a 
penny a bit. 


SESSION 5.—SPECIAL ASPECTS OF LOGICAL DESIGN—I 


INTRODUCTORY LECTURE 
By M. V. Wickes, M.A., Ph.D., F.R.S., Associate Member. 


‘Logical design’ is the term applied to the overall design of 
a digital computer, or computing system, regarded as an assembly 
of switching and storage elements together with various items 
of peripheral equipment. ‘Systems design’ would perhaps be a 
better term, but ‘logical design’ is by now firmly established as 
the accepted usage. 

The objects of good logical design are twofold: first, to secure 
the greatest economy in the equipment required to meet given 
requirements, or to obtain maximum speed from a given quantity 
of equipment; secondly, to meet as fully as possible the require- 
ments of the user as regards speed, facilities provided and 
convenience in use. While responsibility for logical design is 
included among the other responsibilities of the design engineer, 
he will, if he is wise, consult someone who has had experience 
from the user’s point of view. Indeed, some major contri- 
butions to logical design have been made by people who are not 
engineers. It has been noticeable for some time that certain 
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PROGRAMME-CONTROLLED TIME SHARING | 
By C. STRACHEY. a 


It is generally accepted that a considerable reduction in the 
cost and complexity of the peripheral equipment for a large fast 
computer can be brought about by time sharing. This means 
that the main programme is automatically interrupted for a 
short period in order to allow the central computer to perform 
the logical and arithmetic operations required by the peripheral 
units. If the process of controlling the peripheral equipment is 
not to consume too large a portion of the total time available, 
the speed of the central computer must be very high in compari- 
son with that of the peripheral equipment. This means that 
even the fastest computer projected at present, with operation 
time measured in a few microseconds, would have some diffi- 
culty in assembling words from a fast magnetic-tape unit with 
no buffer storage at all. If the word is assembled by the tape 
unit (which would require one shifting register and one single- 
word buffer) the requirements for the main computer are much 
less stringent. 

If the time-sharing system is to be manageable from the 
aspect of the programmer, it is essential that the whole process 
should be automatic and that sufficient interlocks should be 
provided to avoid any possibility of confusion. This require- 
ment inevitably introduces a considerable degree of complexity 
in the way in which the whole scheme operates. The best way 
to deal with a logically complicated situation is to use the power 
and flexibility of the main computer—in other words, to write 
a programme. It seems inevitable that the actual control of the 
peripheral equipment should be by a special programme which 
is more or less permanently stored in the main computer. 

A more detailed investigation into the sort of programme 
required shows that the actual process of time sharing itself 
must sometimes be under programme control. This means that 
it must be possible to terminate a sequence of orders with a 
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trends in computer development are tending to divorce logicas 
design to some extent from engineering design. One example i 
the provision of ‘building blocks’ which can be interconnected) 
in any desired manner provided that certain loading rules ara} 
satisfied. Other developments having similar effects will b 
pointed out in the lecture. | 

Developments in the engineering design of basic component) 
influence the economic aspects of logical design, and it ij 
important to re-examine from time to time the extent to which) 
formerly accepted principles are still valid. Two contexts in| 
which this seems necessary at the present time relate to thi 
provision of ‘dead’ or non-erasable storage, and to the importaneg 
which should be attached to the efficiency with which floating 


scientific calculation. The advent of time sharing has alsa) 
raised some interesting points, particularly in relation to th: 
relative economics of on-line and off-line equipment in busines# 
data-processing systems. 


‘wait’ instruction, which allows control to revert to a programm 
of lower priority. It may also be necessary for a progr 
(instead of a piece of peripheral equipment) to institute a sequencf 
of orders of higher priority than itself. 
It is evident that these fixed programmes can convenientl! 
be held in some form of non-erasable store with a very rapil 
read-out time. It is also clear that they will need a certai 
amount of working space for storing numbers, countery 
addresses, etc. These should probably be ordinary storagy 
registers of the fastest kind which is economically justified. 
order to avoid the complicated sort of error which could happes 
if a main programme altered these registers by mistake (owini 
to a programme fault), they should be accessible only fron 
instructions in the fixed store. 
When two or more programmes are using the main store on | 
time-sharing basis (a scheme which has much in its favour fror 
the aspect of keeping a fast machine continuously in operation 
it will be desirable to have interlocks on the main store in ord 
to prevent one programme interfering with another. It woul 
increase the flexibility of the machine if these programme intez 
locks were themselves under programme control. (They mus 
necessarily be alterable, or it would never be possible to use th 
whole machine for a single large problem. There are obviow 
disadvantages in only altering them manually.) In order ¢ 
avoid complications if one programme runs wild, it is desirab! 
that these basic instructions should also only be available to th 
fixed store. 
We thus get the concept of a general controlling programm 
or ‘director’, which is entirely contained in a fixed store, an 
as well as having access to all the ordinary store and ordinat 
instructions, has a private working store and an additional 
of instructions which are not accessible to the normal pre 
gramme. In a way the ‘director’ forms a sort of ‘hype 
computer’ which controls the operation of the main machine. 


| 
. 
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LOGICAL METHODS OF SPEEDING ‘CARRY’ IN PARALLEL COMPUTERS 


By D. J. WHEELER, M.A., Ph.D. 


| 
Lz 
A comparison is made between the different logical methods 
of arranging that ‘carry’ propagation time in parallel com- 
juters is not too long. Three main methods are discussed ; 
rst, ‘carry’ end detection, which relies on statistics and cir- 
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The adding circuits and associated registers have been designed 
with the aims of providing a fast adding cycle and, by the simple 
echnique of repetitive addition and shifting, a fast multipli- 
sation time. Since the shifting time for the register can be as 
short as 200 millimicrosec, the adding circuits have been designed 
‘© have an operation time of the same order of magnitude. 

In the design of adding circuits the primary consideration is 
© provide a ‘carry’ propagation path which allows a ‘carry’ to 
Sropagate from the least to the most significant digit in the 
shortest time possible. Such a ‘carry’ occurs when the least- 
‘ignificant digit of each of the incident numbers is ‘1’ (thus pro- 
fucing what is termed a first-order carry’) and all,the other 
ligits of corresponding significance differ. In all stages of the 
udder, with the exception of the least significant, the ‘carry’ 
generated is termed a “second-order carry’ and a gating circuit 
set by the non-equivalence of the incident numbers allows an 
nput ‘carry’ to be passed on to the next stage of each adder. 
[he ‘carry’ propagation path thus consists of a series of gating 
sircuits of the ‘and’ type. However, with other configurations 
Mf incident numbers a first-order ‘carry’ may be generated in 
my stage of the adder, and thus provision must be made for 
hese carries to be introduced into the ‘carry’ propagation path. 
Phis logical arrangement holds for many systems of addition. 
The basic logical circuit for each stage of the ‘carry’ path thus 
onsists of an ‘and’ gate which passes a second-order ‘carry’, 


Mr. Ord is at the Royal Radar Establishment. ~ 


cuits to indicate the end of the propagation process; secondly, 
‘carry’ forcing methods, which ensure that the sum is available 
in a short time, independently of the actual values of the numbers 
involved; and thirdly, ‘carry’ by-pass methods, which appear to 
show most economy. 


A FAST ADDER USING DIODE LOGIC 
‘ By G. Orp, M.Sc. 


followed by an ‘or’ gate which allows a first-order ‘carry’ to be 
introduced into the ‘carry’ path. 

With low-hole-storage diodes in a diode logic system it was 
found that a negative-going voltage step of 3 volts and 
60 millimicrosec duration provided by a low-impedance source 
was delayed by 15 millimicrosec. This was a shorter delay than 
had been expected from a calculation based on the currents 
used in the diode logic and stray capacitances involved. 
Measurements have indicated that hole storage in some of the 
diodes is providing a surge of current which assists in charging 
stray capacitance and removes holes stored in other diodes. 
After each stage of diode logic an emitter-follower is introduced, 
mainly to provide a low-impedance source for the next stage 
of diode logic. Restandardization of voltage level is necessary 
after three stages. With these additions, the average delay per 
stage is 20 millimicrosec. 

As it stands the system is too slow. It had been intended to 
use a ‘carry’ detection technique which involves two ‘carry’ paths, 
but it was suggested in discussion with Dr. D. J. Wheeler that 
a ‘skip’ or ‘jump over’ technique might be more economical. 
In the ‘skip’ technique, groups of digits are examined to see 
whether a ‘carry’ can be allowed to skip over several stages. 
This technique has been introduced, and the ‘carry’ propagation 
path has skips over four stages. The average delay per stage is 
reduced to approximately 8millimicrosec. When the skip 
technique is used it is necessary to disconnect the adding circuits 
from the incident numbers until an ‘add’ operation is needed. 


DISCUSSION ON 
SPECIAL ASPECTS OF LOGICAL DESIGN—I 


‘The discussion was opened by Mr. C. Strachey, who felt that 
he novel suggestion of Dr. M. V. Wilkes—that computers 
hould be designed for variable-accuracy working—might well 
hange the mathematical methods used in standard subroutines 
rom the second-order processes involving multiplication at 
resent used to digit-by-digit methods of extracting results. 

Subsequently it was the contribution by Mr. Strachey which 
timulated most comment, and it was evident that ‘interrupt’ 
rrangements in machine design were attracting much thought 
A computer circles. Mr. J. C. Gladman outlined a scheme on 
vhich he had been working which approached the problem 
sing more equipment than the programmed method which Mr. 
trachey described. Mr. Gladman’s method involved a shift- 
egister type one-word buffer store and a counter register asso- 
iated with each piece of peripheral equipment (a magnetic-tape 
mit, for example). In addition, equipment associated with the 
aain-store control detected when a complete word had been 


assembled in the buffer store and so was ready for transfer to 
the main store. At this time the main programme was inter- 
rupted to perform this transfer. The main store could be used 
in this way during a multiplication or division order, for example, 
so that the computer can make more efficient use of its 
store. 

Mr. D. B. G. Edwards felt that there might be economic 
difficulties in building a computer with a large enough store to 
allow for two main programmes to run in parallel. Mr. C. 
Strachey thought the size of stores contemplated for machines 
in this country had for too long been too small and that com- 
puter designers should plan for stores of between 16000 and 
100000 words, all in the same medium. Such stores were 
essential if automatic programming techniques were to be 
adopted, and such techniques were essential. 

In reply to a question from Mr. G. C. Tootill, Mr. C. Strachey 
showed that the difference between a conventional programmed 
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subroutine and a programmed time-sharing system was that the 
entry to the conventional subroutine is under normal programme 
control but that the entry to a subroutine associated with a 
time-sharing system is forced by computer control unit. It was 
stressed by Mr. Strachey, in reply to a point raised by Mr. 
N. A. F. Williams, that he considered it was essential to supply 
equipment in a computer to stop two ‘parallel’ programmes inter- 
acting one with the other. The aim should always be to make 
the job of the programmer as simple as possible. 

Regarding the question of fast adding circuits which several 
speakers had described, some discussion ensued on the relative 
merits of synchronous and asynchronous techniques. A point 
made by Dr. D. J. Wheeler in reply was that even with synchro- 


SPECIALIST DISCUSSION MEETINGS ON NEW DIGITAL-COMPUTER TECHNIQUES 


nous systems it does not follow that an addition, for exampl 
need take a fixed time, since ‘end of carry’ detection can termina 
the process. 

Discussing a point from Dr. M. V. Wilkes’s lecture, Dr. C. I 
Lindsey questioned whether it was necessary to scale the larg 
factor in a floating-point multiplication operation, since — 
required equipment to determine which factor was the larg 
and similar results could be obtained by scaling either facto 
Dr. M. V. Wilkes replied that one might have to compromise ¢ 
this matter, but that the finding of the smaller factor was not 
very difficult, because with non-standardized numbers it wi 
necessary only to see which had fewer zeros before the fir 
significant digit. 


SESSION 6.—SPECIAL ASPECTS OF LOGICAL DESIGN—II 


A SYSTEM OF CONTROL FOR A FAST COMPUTER 
By G. Orb, M.Sc. 


When a problem is introduced into a digital computer, the 
programme to carry out the problem consists of instructions 
from the instruction code of the computer. Each instruction 
may call for a series of actions, e.g. the opening of a gate 
between two registers of the arithmetic section followed by 
a shift in significance of the contents of one of the registers. 
In early computers the individual instructions required a few 
separate actions to be carried out sequentially, and it was 
possible to design separate electronic circuits to provide a 
sequence as well as the actions needed for each instruction. In 
more recent computers the individual instructions have increased 
considerably in complication, some requiring up to 50 steps in 
sequence. It is possible to design a sequencer for each of the 
instructions as before, but obviously it is preferable to design 
one apparatus which can be arranged to provide all the sequences 
required. Wilkes, Wheeler and Renwick* have described such 
an apparatus. Although in principle the system is applicable 
at high speeds, the use of the ferrite cores currently available 
limits the speed of the system to approximately 500 kc/s. 

In the design of the proposed sequencer advantage has been 
taken of two facts, namely 


(a) All the shifting, counting, transferring and exchanging 
operations in and between registers take the same time (about 
200 millimicrosec) and comprise the large majority of the actions 
needed in the arithmetic section of the computer. 

* WILKES, M. V., RENWICK, W., and WHEELER, D. J.: ‘The Design of a Control 


Unit of an Electronic Digital Computer’, Proceedings I.E.E., P: No. 23 
June, 1957 (105 B, p. 121). yi a4 ee Regs ae 
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(6) In four out of five cases the detailed steps of an instructic 
follow one another in a regular sequence. 


A shifting register is arranged to provide an active state ; 
only one of its outputs, all the other outputs being inactiv 
Unless prevented from doing so, the active state progress 
regularly from one digit of the register to the next evel 
250 millimicrosec. To the output of each digit is connected 
set of transistor switches controlled by the instruction. A 
instruction controls the same number of switches as there a 
steps in its sequence, but only one of the switches connected | 
any digit output is operated at the same time. The outputs | 
the switches are connected to circuits which, when energize 
provide gating pulses to various parts of the computer. 
gating-pulse generator is therefore energized only when ¢ 
appropriately timed output from the shifting register is rout 
to it by a switch. 

If an alteration to the regular sequence is required, it 
arranged that at a particular time the position of the acti 
state in the register is altered. For some actions which requi 
more than the normal sequencing time the regular progressic 
of the active state along the register is inhibited. 

Since the transistor switches are set up immediately after tl 
instruction is known and are not altered during the sequen 
corresponding to that instruction, the time needed to set t#] 
switches can be as long as 0-5microsec without affectir 
seriously the overall speed of the sequencer. The sequenc 
speed is determined primarily by the speed of the shiftiz 
operations, which can be as rapid as 4 or 5 Mc/s. 


PARALLEL ADDITION IN DIGITAL COMPUTERS: A NEW FAST ‘CARRY’ CIRCUIT 


By T. Kirpurn, M.A., D.Sc., Ph.D., Member, D. B. G. Epwarps, Ph.D., M.Sc., Associate Member, 
and D. ASPINALL, M.Sc. 


When two numbers X and Y are added together, the kth 
digit of the answer is dependent on the kth digits in X and Y 
and also on the ‘carry’ digit which could be initiated by X and 
Y digits of less significance. If addition is carried out serially, 
the least-significant digits of the numbers are added first and it 
is necessary to delay any ‘carry’ indication until the next more- 
significant digits are processed. To add two n-digit numbers 


The authors are in the Electrical Engineering Laboratories, Manchester University. 


in this way takes n digit periods. When the parallel mode 
operation is used, all n digits of the numbers X and Y appe 
simultaneously in the same digit period. However, successi 
digits of increasing significance in the answer must still appe 
sequentially in time, because of the need to propagate the ‘car 
from one adder stage to the next stage of higher significance 
The delay between successive digits in the answer can, howevs 


io ee R. K.: ‘Arithmetic Operations in Digital Computers’ (Van Nostra 
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be made small and less than a digit period, so that the parallel 
mode of operation still offers a speed advantage over the more 
eines t serial type of addition. In practice, with computing 
machines having digit periods of 6-10 microsec it is relatively 
easy to ensure that all the answer digits, typically 40 in number, 
can be evaluated in one digit period. However, in computing 
machines now being designed, where the digit periods are of the 
order of 0-1 to 0-2 microsec, it becomes impossible to complete 
the addition in one digit period, and the effectiveness of the 
parallel mode in increasing the speed of addition is thus reduced. 
The following techniques indicate means for minimizing the 
addition time. ; 

_ When two n-digit numbers are added together it is unlikely 
that a ‘carry’ propagation over n places will occur. At the 
Institute of Advanced Study, Princeton,* it has been estimated 
that, on the average, the maximum length of a ‘0’s’ or a ‘1’s’ 
‘carry’ sequence in a 40-digit addition of random numbers is 
only 5-6 stages, Thus, if the adder could be designed to ter- 
minate the addition period at the end of the longest ‘carry’ 
sequence, an average saving in ‘carry’ propagation time of a 
factor of seven could be achieved. 

_ The addition time during the course of a problem can also be 
effectively reduced by storing the ‘carry’ in a separate register 
and not permitting it to propagate at each addition. Assimila- 
tion of the partial sum with the ‘carry’ need occur only when the 
complete answer has to be standardized, sent to another storage 
location or tested for sign, although in this latter case complete 
assimilation is not always necessary. The scheme Saves time 
when more than two numbers have to be added, because for 
any group of numbers there need only be one ‘carry’ propagation 
time. This scheme is of particular use during multiplication 
when numerous subproducts have to be added together.t 

Even though it may be brief, the ‘carry’ propagation time in a 
single stage is very important, because its effect is cumulative. 
A small change in this time will alter the overall addition time 
appreciably, and therefore in an engineering design it is important 
(0 minimize the amount of equipment in the ‘carry’ path. There 
are two approaches to this problem, and these are identified by 
the manner in which the carry to stage k is provided. In the 
irst method a logical gating system provides the ‘carry’ in terms 
of all the less-significant x and y digits. As the stages become 
More significant the complexity of this gating increases. This 
scheme is expensive, but has been used by the National Bureau 
»f Standardst and they achieve a complete addition over 52 
tages in 1 microsec. In the second method the ‘carry’ is pro- 
fided from the previous stage, k-1, and that stage in its turn 
quires its ‘carry’ from stage k-2, etc. The circuit to be 
lescribed uses this method of operation. 

A simple logical diagram of three stages of the adder utilizing 
yn/off switches is shown in Fig. 1. These switches are closed 
when the logical operations appropriate to each switch occur. 
t should be noticed that the logical operations involve only the 
ligits of x and y appropriate to that particular stage, and thus 
10 switches have to be altered as a result of ‘carry’ propagation. 
n any one stage the switches T;-T3 are operated in a mutually 
xcJusive manner so that normally there can be no interaction 
’etween the various sources which define the voltage level of the 
carry’ path. If the switches are similar to relay contacts, the 
ropagation time of a pulse through several switches in series 
orresponds merely to the time for a pulse to pass along a length 
f wire and is therefore for most practical purposes instanta- 


* Gitcurist, B., PoMERNE, J. H., and WonsG, S. Y.: ‘Fast Carry Logic for Digital 
‘omputers’, Transactions of the Institute of Radio Engincers, 1955, EC-4, p. 133. 
+ °On the Design of a Very-High-Speed Computer’, Report No. 80, University of 


linois, Digital C ter Laboratory, October, 1957, p. 194. : 
t Deere A. and SMITH, i L.: ‘A One-Microsecond Adder using 1Mc/s 


ircuits’, Transactions of the Institute of Radio Engineers, 1956, EC-5, p.65. 
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Fig. 1.—Simple logical diagram of two adder stages using on/off 
switches. 


neous. In this case the addition time is that appropriate to the 
setting time of the slowest switch. 

In a high-speed computer, relays are, of course, far too slow 
and they must be replaced by some form of electronic switch. 
These switches, however, suffer from several defects as compared 
with a mechanical contact: there is a significant voltage drop 
across the switch and also a current drain, so that the source 
of the ‘carry’ indication is subject to a load which varies in 
accordance with the number of switches operated. Both or 
either of these effects may limit the maximum number of 
electronic switches which can be connected in series. Diode 
‘and’ gates have been used as switches, but the number which 
may be connected in series is limited to three or four by the 
rapid change in d.c. level of the transmitted pulse due to voltage 
drop across the diodes. A diode switch of this type allows 
information to pass only in one direction. 

A junction transistor can be made to resemble closely the ‘off’ 
or ‘on’ positions of a mechanical switch by operating it in the 
cut-off or saturated condition. In the saturated condition the 
impedance between the emitter and the collector is very low, 
and the voltage drop is also small because it is essentially the 
difference in voltage drop across two conducting diodes. In 
this condition information can be passed in either direction 
through the transistor, provided that it does not significantly 
disturb the transistor’s saturated condition. The surface-barrier 
transistor type 2N240 is satisfactory as a switch, but the micro- 
alloy diffused-base transistor type 2N501 is even better because 
of its increased current gain, current and voltage ratings and 
frequency response. 

The simple experiment shown in Fig. 2 causes the square 
wave produced at the collector of Ty to be transmitted through 
transistors T,-Tj9, all in series and operated in the saturated 
condition. The 2-volt movement of the emitter, collector and 
base potentials of each of these saturated transistors alters the 
base current only by approximately 10%, and this does not 
significantly alter the saturated conditions of the transistors. 
The waveforms from the collectors of T,; and Tio occur simul- 
taneously in time when viewed on an oscillograph range indi- 
cating 20 millimicrosec per centimetre. 

A repetition of this simple experiment with 18 stages separated 
on individual plug-in boards results in a transmission delay of 
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approximately 20 millimicrosec. It is thought that careful design The ‘sum’ logic is not indicated, she it is driven = ein emitter 
of the boards to minimize the 5ft length of wire in the ‘carry’ follower T, which has been inserted to minimize loading ood 
path will reduce this delay probably by a factor of two. ‘carry’ path. The logical operations which control the switchingy 
The practical circuit of two adder stages is shown in Fig. 3. _ of transistors T;-T3 are carried out by simple diode logic us 
type OA47 diodes and both output phases of the flip fom 
: storing x and y. The diode system operates extremely rapidly 
T and the gate outputs are emitter-followed prior to driving thei 
i SWITCHED bases of T,;-IT3. The amplitude of the function waveforms ig 
BY SQUARE — from —2-5 to —5°5 volts. To ensure that the switch transisto: j 
WAVE 

remain under the control of the function waveforms, the * cay 
level must remain within these limits, and levels of —3 vo. te 
(‘carry’) and —4-5 volts (no ‘carry’) have been specified. Theres 
fore a step 1-5 volts in amplitude is generated whenever a ‘carry 
occurs or disappears. When ‘carry’ propagates between stagess 
it does so via the T, transistors, a large number of which therefore 

appear in series. 

The 1mA positive leak connected to the emitter of T, tran 
sistors provides sufficient current for these to saturate without 
the need for any current to be provided along the ‘carry’ path 

_ The transistor defining the ‘carry’ indication passes a largg 
Fig. 2.—Experimental circuit. current only transiently, in order to charge the capacitances 
All 18-kilohm loads are connected to a common supply at — 18 volts. along the ‘carry’ path. The T, transistors bottom to a very low 
voltage, because their direct current is negligible; typically, the 
drop across ten T, transistors of either type is approximately 
0:3 volt. In practice, after ten stages an emitter-follower id 
STAGE K-14 used to reconstitute the voltage level by using the voltage 
difference across the base-emitter junction, which will vary by ¢ 
maximum of 30%. If the emitter-follower had raised the ‘carryj 
level by exactly the correct amount, i.e. 0-3 volt, then in the nexs 
ten T, stages there is only the same 0-3-volt fall in voltage level 
so that no cumulative loss occurs in subsequent groups of te 
It is hoped that the ‘carry’ in this way will be able to a 
along 40 stages without the need for reamplification. 

Ideally, T,;-T3; operate in a mutually exclusive manner, bu 
under fault and transient conditions this need not apply. Foo 
example, if switches T, and T3 were both closed, the —4-5- ana 
the —3-volt lines would be connected together. To avoid 
excessive current the —3-volt line is limited in the amount o 
current it can supply. 

When a ‘carry’ propagates along the 18 stages which have beer 
constructed, the delay plus rise time to the eighteenth stage i) 
approximately 80 millimicrosec, comprising the switching time 
of transistors, including any delay due to generation of ths 
switching waveforms, and the transmission delay of approm 
mately 20 millimicrosec. 

The latter is easily seen from the ‘carry’ indication at th 
second and eighteenth stages. When the number of stages i 
increased the transistor switching time will remain constant, bu 
the transmission time will be increased. If the former time i 
60 millimicrosec and the latter approximately 1 millimicrosec pe 

stage, it would appear feasible to carry out a complete 40- -stag 
Fig. 3.—Practical circuit of two adder stages. parallel addition in 0-2 microsec. 


Ay 


_ The fastest method of operating transistors is in non-saturating 
circuits using a voltage drive on the base or a current drive into 
the emitter. A set of logical circuits using these principles has 
been suggested by Yourke.* This system essentially uses a 
long-tailed pair, the conducting transistor being selected by a 
voltage drive on the base. Interconnection between elements is 
by passing the output current from the collector of a unit 
through a low resistance in the base of one transistor of the 
next unit. The system is d.c. connected, and the problem of the 
increasing supply voltage as more stages are cascaded can be 
overcome by using n-p-n transistor or Zener diodes. 

_ When two or more stages are cascaded in this system, signi- 
ficant delay is caused by the fact that the output from one 
transistor must overcome the hold-off voltage of the following 
stage. In several instances, however, this delay can be reduced 
if the output current is allowed to pass directly into the emitter 
of the following stage. With this modification a parallel adder 
with a fast ‘carry’ propagation has been developed. 

i The circuit of a single stage of the adder is shown in Fig. 1, 


TOP HALF— 


ADDER 


* 
Fig. 1.—Single stage of adder. 


the inputs i, and i, being currents from a high-impedance source. 
The stage may be considered as two half-adders. The operation 
is as follows: 


For the bottom half-adder, 


(a) If both input currents are zero there are no output currents. 

(b) If either one or the other input is ‘1’, either T; or T2 conducts 
and there is a partial sum current, isp, from the bottom half-adder. 

(c) If both inputs are ‘1’s’, T; and T2 are cut-off and the currents 
flow through T3 and T4 to give a ‘carry’ output, icp. 


For the top half-adder, 


(d) If there is no ‘carry’ current from the preceding stage and isp 
is ‘0’, there is no output. 


* Yourke, H. S.: ‘Millimicrosecond Transistor Current Switching Circuits’, 
Transactions of the Institute of Radio Engineers, 1957, CT4, p. 236. 
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_ TRANSISTOR LOGIC USING CURRENT SWITCHING AND ROUTING TECHNIQUES AND ITS 
APPLICATION TO A FAST ‘CARRY’ PROPAGATION ADDER 


By L. P. Moraan, B.A., 


and D. B. Jarvis, B.Sc. 


(e) If there is either a ‘carry’ or a partial sum current, either 
Ts or Ts conducts. The input currents are prevented from flowing 
through D, and D> by the supply potential V; being approximately 
0-5 volt more positive for each successive stage. 


(f) If both inputs are ‘1’s’, Ts and T¢ are cut off and the ‘carry’ 
and sum are propagated through D,; and D>. 


The voltage developed on the ‘carry’ line at any given stage 
can be determined approximately by adding 1 volt for each 
stage through which the ‘carry’ is propagated beyond the 
given stage. This has two disadvantages: first, not more than 
six or seven stages can be cascaded without a level-changing 
unit; and secondly, the resistors Rg and R, (which must be of 
low value, since they are in series with the bases of T; and T,) 
shunt the ‘carry’ line and attenuate the propagated ‘carry’ 
current. The latter disadvantage can be overcome as follows: 

When a carry is to be propagated, the input current to the top 
half-adder is of the order of 27, and the propagated ‘carry’ 
current need only be i; therefore, if the current through R7 
and Rg is limited to i, sufficient output current will always be 
obtained. This limiting is achieved by forward biasing D3 and 
D, by J, and I, (when J; + 1, =i). The inductance L, speeds 
the ‘carry’ propagation by restricting the current to J, during 
the transient, where J, is the peak base current. 

With this circuit a ‘carry’ propagation time over six stages of 
approximately 150 millimicrosec is achieved with OC44 tran- 
sistors, and of about 40 millimicrosec with OC170 transistors. 
The delay through a level-changing unit using OC44’s is approxi- 
mately 70 millimicrosec, so that using blocks of six stages, a 
52-stage adder would have a ‘carry’ propagation time of 
approximately 2 microsec. 

This time can be reduced if a ‘carry’ skip technique is used over 
each of the groups of six stages. The logical block diagram for 
this skip technique is shown in Fig. 2. Fig. 3 shows the modified 


Fig. 2.—Logical circuit for skip technique. 


bottom half-adder; this provides the diode ‘or’ circuit and one 
transistor of the 6-input ‘and’ circuit. 

The level-changing and skip unit is shown in Fig. 4. The 
propagated ‘carry’ current passes through T,3; and a corre- 
sponding change of current occurs in the resistor connected to 
the base of Ts. This switches the constant current J; through Ty 
and thence to the carry input of the next six stages. The skip 
facility is provided by Tyo-Tjp. If a ‘carry’ is to skip the 
following six stages, all the transistors connected to the line D, 
except Tj, will be cut off, so that the constant current I, will 
pass through T,>. If there is a ‘carry’ from the preceding six 
stages, this current will be routed through Tyo, and thence to 
the point F of the next level-changing unit. The currents Ig 
and I; are chosen so that up to two units of current can be fed 
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Fig. 3.—Modified bottom half-adder. 


into the transistor T,3, the only effect being that the base of Ts 
is taken more positive. 1 

The skip unit introduces a delay of approximately 50 milli- 
microsec, so that it is now possible to propagate the ‘carry’ in 
less than 1 microsec. However; this is only the propagation 
time for a ‘1’, and the time taken to propagate a ‘0’ after a ‘1’ 
has been propagated is still 2microsec. Several ways of over- 
coming this have been suggested, one of which is to turn off the 
current J; whenever the input registers are changed. 
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Fig. 4.—Level-changing and skip unit. 


THE DESIGN PRINCIPLES OF THE NEURON AND RESONANT-CIRCUIT LOGICAL ELEMENTS | 
By G. G. Scarrott, Associate Member, K. C. JoHNsoN, M.A., G. HALEY, B.Sc., and R. NAYLor, M.Sc., Graduat 


Several different designs of logical element have already been 
proposed for use as ‘building bricks’ in the construction of 
digital-computing equipment. The two systems to be described 
are based on the use of transistors for the power gain, and both 
make use of wound ferrite cores as linear transformers rather 
than as square-loop storage devices. These transformers give 
impedance matching and d.c. isolation, but are principally 
employed to allow the use of ‘ballot-box’ logical gating in place 
of the conventional Boolean system. This allows a single gate 
circuit to be used to perform any of the fundamental logical 
operations, and this flexibility enables each gate to be per- 
manently associated with a power-amplification and pulse- 
restandardization stage. Thus only a single basic element is, in 
principle, necessary to build up the logical parts of a computer, 
although, in practice, some variations may be introduced to 
improve the overall economy of the system. 

The pulses transmitted from one element to the next are of 
current, rather than voltage, in both systems and are syn- 
chronized to a standard clock frequency of 500kc/s. The logical 
properties are obtained by summing these current pulses on a 
transformer at the input of each element by the use of a 
number of separate primary windings, each of which may be 
connected to carry an incoming current in either a positive or 
negative direction. The restandardization circuit is arranged to 
generate an output pulse of standard current amplitude and 
timing if, and only if, the total effective current at the primaries 
is positive; if the total primary current is zero or negative, no 
output pulse is generated. The circuits are so designed that the 
actual number of pulses contributing to the total current does 
not matter, although it will not normally exceed about three 
standard units in either direction. The likeness of this process 
to voting in an election explains the name ‘ballot-box’ logic. 


The authors are with Ferranti, Ltd 


To obtain an ‘or’ gate with this system, all the various inpu 
are connected positively to the input transformer and a curre: 
at any one suffices to ensure an output pulse. For an ‘an 
gate the various inputs are again connected positively, but, - 
addition, a constant stream of pulses is made to flow - 
negatively connected windings, such that only coincident puls 
at every input are able to make the necessary positive total | 
generate an output pulse. To make an inverter the input puls 
are connected to flow negatively in one winding while a consta 
stream of unit strength is connected positively to another, | 
that output pulses are obtained only when the input has 1 
pulse. Thus, this type of gate can perform all these bas 
logical operations merely by suitable connection of the inpt 
to a single identical circuit; moreover, it will be seen that t 
examples given do not by any means exhaust the possibilities. 

Up to this point the neuron and resonant-circuit systems ha 
been considered together, but they differ considerably in t 
details of the restandardization circuit. Hence it will be co 
venient to divide and discuss the two systems separately fre 
here onward to avoid confusion. 

In the basic neuron circuit the standard current pulses are 
9mA amplitude and last for one-half of the standard digit tin 
The digit period is thus divided into two equal portions, ea 
1 microsec in length, which are known as the charging peri 
and the output period and are defined throughout the equipme 
by means of timing waveforms. These are generated in ty 
phases, A and B, such that the charging period of one phase 
simultaneous with the output period of the other and v 
versa. 

In the operation of the neuron circuit the current from 
secondary winding on the input transformer flows into 
arrangement of three diodes. These are connected so that, 
the total input current is positive, in the logical sense alrea 
described, this current will charge a capacitor during : 


charging period from one defined voltage level to another. 
f the total current is zero or negative, the capacitor is left at 
1e former voltage and the third diode absorbs the current and 
prevents the generation of any undue voltage across the windings. 
During the following output period the timing waveforms are 
ranged so that the output transistor is switched on to carry 
the standard current of 9mA if, and only if, the state of charge 
of the capacitor has been altered by a positive total input: at 
he same time the transformer is allowed to make a voltage 
wing so that it is d.c. restored by the beginning of the next 
harging period. A very useful feature of this arrangement is 
t it will accept input currents during either the charging 
iod or the output period, giving an overall delay of either 
half or a whole digit time respectively. Thus the one standard 
esign of unit is able to perform powerful logic with only the 
alf-digit delay or alternatively to delay one whole digit time 
and still give some useful logical facilities. 

This basic circuit is varied to make the double-entry neuron, 
which has two input transformers but gives an output if either 
las a positive total input. Also there is a booster circuit, 
vhich enables the standard currents to be distributed more 
widely when required, and both electromagnetic and magneto- 
Striction delay devices have been integrated into the system. A 


_ The discussion during this session was almost entirely con- 
cerned with the contribution by Messrs. Scarrott, Johnson, 
Haley and Naylor. Mr. L. J. Bental felt that the logical element 
escribed was more complicated than it need be. He was 
iliar with an element with similar properties which made use 
f the square-loop property of a ferrite material and used only 
‘about a quarter the number of components. Mr. G. G. Scarrott 
teplied that, because his element made use of the linear charac- 
teristic, the power consumption was far less than that required to 
‘Switch the ferrite and the speed of operation was high—S00kc/s 
‘in the present design (replying to a further question Mr. Scarrott 
thought that the upper limit determined by transit times within 
e transistor and winding capacitances would be about 2 Mc/s). 
Several questions asked by Mr. D. Eldridge produced the infor- 
“tation that some eight elements could be driven from one 
“output, and that when driving along long wires it might be 
ecessary to retime pulses before any further logical operations 
are performed. Some discussion took place on whether a 
Yoltage-pulse or current-pulse technique was better, and it was 
felt that prejudice was often the determining factor in this. 
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computer has been made using these logical elements and has 
been working successfully. 

The logical properties of the resonant-circuit device are 
provided by the summation transformer as described above. 
One of the secondary windings of this transformer is formed 
into a damped resonant circuit with a Q-factor of unity. If 
the total effective current at the primaries is positive, the 
voltage across the tuned circuit follows the usual response 
of a resonant circuit to an input current pulse, and a clock 
waveform added at the time of the voltage overswing causes a 
standardized current pulse to be issued by a long-tailed pair 
formed by a transistor and diode. In this case, the standardized 
current pulses have an amplitude of 18mA and duration of one- 
quarter of the digit period. In contrast to the neuron logical 
elements, the resonant-circuit logical elements use only one 
transistor per stage, require a simple clock waveform and three 
units can be mounted on a printed circuit which will accom- 
modate only two neurons. 

Since there is only one information storage mechanism in a 
resonant-circuit element, it is impossible to use this element to 
provide a whole digit delay. The resonant-circuit elements 
have the added disadvantage that their transformers are of a 
more complex design. 


DISCUSSION ON 
SPECIAL ASPECTS OF LOGICAL DESIGN—II 


The logical complexity of the element was defended by Mr. 
Eldridge, who felt that in a computer design it was usually 
possible to use the element efficiently, so that an overall saving 
of time and equipment resulted. 

The only other contribution of any substance during the dis- 
cussion period was given by Mr. G. B. B. Chaplin, who delivered 
a short account, well illustrated by slides, of some work that he 
had recently done in the design of a fast parallel multiplier. His 
design involved logical elements involving analogue addition, 
voltage addition being chosen because it was thought to be 
faster than the alternative of current addition. 

In his closing remarks of this second session the Chairman, 
Mr. E. P. G. Wright, commented on the nomenclature of com- 
puters. When at a previous session mechanical devices were 
described they were all ‘high-speed’ devices—high-speed printers, 
high-speed readers and so on. The present session had how- 
ever dealt with ‘fast’ equipments—fast address, fast logic. 
He wondered what reaction one would have from a railway 
official if one asked when the next ‘high-speed’ train would 
leave. 
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A METHOD OF LOCATING DRY JOINTS IN TELECOMMUNICATION CABLES 
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(The paper was first received 20th February, and in revised form 24th April, 1959.) 


SUMMARY 
A description is given of a method of locating dry joints in tele- 
communication cables. The method is based upon the non-linear 
properties of dry connections and has been used successfully on both 
land and submarine cables. 


(1) INTRODUCTION 


‘Dry connections’ might be defined as soldered connections 
in which the solder whilst molten has failed to wet the surfaces 
of the connection, or alternatively connections which have been 
subject to a tension sufficient to break the solder film. 

They occasionally occur in telecommunication cables and are 
liable to cause intermittent disconnections, noise, variations in 
attenuation, and intermodulation. These faults can be par- 
ticularly troublesome on modern coaxial cables carrying wide- 
band transmission systems of telephony or television. Methods 
which have been used to locate this type of fault range from the 
use of cable pulse-testing equipment, with which an attempt is 
made to observe the impedance irregularity produced by the 
fault, to vibrating all the joints in the cable in turn whilst, at 
the same time, observing the d.c. resistance from the end of the 
cable. The first method is not very sensitive and if a high pulse 
power is used the fault is often temporarily sealed. The second 
is an expensive and time-consuming method, particularly if the 
joints are buried. 


(2) DESCRIPTION OF METHOD 


The method is based on the non-linear property of a dry 
connection and the localization is obtained by comparing the 
phase of the harmonic produced at the fault to that of a harmonic 
generated at the terminal. It was developed when a submarine 
cable became slightly non-linear and produced harmonics in the 
transmission band which, although of very low amplitude 
(approximately 130 dB below the fundamental) were nevertheless 
sufficient to make the transmission system unworkable owing to 
the high level differences between different directions of trans- 
mission. Its use has now been extended to underground coaxial 
cables. Fig. 1 shows the principle of the apparatus used. F, 
and F, is a high-pass/low-pass filter combination having air- 
cored inductances to avoid any harmonic production in the 
coils. At the input to the low-pass filter (transmit side) a 
variable-frequency oscillator is connected and at the output of 
the high-pass filter (receive side) a suitable wideband amplifier 
(or amplifiers) to give the required gain is used, followed by a 
measuring set. This measuring set should be of a narrow-band 
selective type to obtain maximum sensitivity against thermal 
noise. The cable to be tested is connected to the junction of 
the filter combination. Also at this point an adjustable non- 
linear element may be connected as required during the test. 

The oscillator is first set to a frequency f just above 1/f, (f, 
being the cut-off frequency of the high-pass filter) and the gain 
on the receive side is adjusted until the second harmonic, 2f, 
generated at the fault, produces a suitable reading on the selective 
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Fig. 1.—Principle of apparatus used. 


measuring set. The cable is then disconnected, and the junc 
of the two filters is terminated by a resistance equal to the c: 
impedance (a wire-wound resistor should be used to ay 
harmonic production) together with the adjustable non-lir 
element. A copper-oxide or germanium rectifier as used 
modulators is suitable for this purpose. This non-linear elen 
is then adjusted by means of a series and shunt resistance t 
the second harmonic produced by it is of the same magnit 
(as measured on the selective measuring set) as that prodt 
by the cable. The terminating resistance is then removed fi 
the common point of the directional filters and the cabl 
reconnected while still keeping the non-linear element conne 
in parallel at this point. A series of readings is then take 
increasing frequencies up to the cut off of the low-pass filter 


(3) THEORY OF METHOD 


The readings of the selective measuring set are the vector | 
of the second-harmonic signal generated locally by the non-li 
element and the second-harmonic signal generated at the fi 
As the test frequency is increased the phase of this latter si 
will change whilst the phase of the locally generated sec 
harmonic signal remains at zero. Consequently, as the 
signals move in and out of phase, a curve consisting of a st 
of peaks similar to that shown in Fig. 2 will be produced. 
Af is the mean frequency between consecutive peaks and 2; 
v;, are the mean phase velocities in the low- and high-frequ 
bands respectively, 


ee Vp - 
al = TAT CEH) =) (see Section 9) 


The method is similar in some respects to the well-kn 
impedance/frequency method of locating an impedance irr 
larity. However, there is an important difference since, by t 
able to adjust the level of the second harmonic which is genet 
locally at the terminal to the same level as that returned | 
the fault, the sensitivity is considerably increased. Th 
because the amplitudes of the two signals whose phases 
compared are equal, and the only limit is the ability of 
measuring equipment to recognize the peaks of the ci 
against the background of resistance noise. In the no 
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Fig. 2.—Typical curve of peaks’ obtained. 


impedance/frequency test the phase of a signal of low level 

lected from the irregularity is compared with the phase of 
total signal sent to the line, which consequently greatly limits 
he sensitivity. 


(4) CHOICE OF FREQUENCY RANGE 


_For normal purposes it is sufficient to choose the frequency 
of the sent signal, so that a curve with about three peaks is 
obtained from which the average frequency between successive 
xeaks may be calculated. Furthermore, the frequency range of 
he fundamental must be less than one octave. The frequency 
tween peaks is, of course, dependent upon the distance to the 
ult, and therefore some arbitrary value must be chosen. For 
standard 0-375in air-spaced coaxial cable laid in repeater 
sections of six miles a suitable range would be such that a 3-peak 
curve is obtained from faults one mile or more from the sending 
end. Faults nearer than this may be localized by testing from 
‘the distant end. This avoids having a range of special direc- 
onal filters, which are the only specialized items of plant required 
for the test. For the case quoted, the cut-off frequency of the 
low-pass filter should be about 340kc/s, although a higher 
figure can be used with very little loss of sensitivity. This 
allows for a 20% gap between the cut-off frequencies of the low- 
pass and high-pass filters. 


: (5) ACCURACY OF LOCATION 


_ The accuracy of location is dependent upon the accuracy of 
the oscillator, the phase shift which may occur at the fault and 
the constancy of the velocity over the frequency band used. In 
‘practice, joints in underground cables in the United Kingdom 
are generally at intervals of 100-176yd, and no difficulty has 
been experienced in locating a faulty joint in a 6-mile repeater 
Section. It is estimated that, if great care is taken and specially 
‘calibrated apparatus is used, location to within a few yards 
would be possible. 


(6) USE OF DIRECT CURRENT TO INCREASE SENSITIVITY 


_ The sensitivity of the method is appreciably increased if the 
harmonic production at the fault is increased. Since the 
harmonic is caused by the rectifying action at the point of 
Contact, the surfaces of which will have a very thin oxide coating, 
the generation of the second harmonic can be considerably 
increased by biasing the contact. This may be done by passing 
a direct current through the cable, as shown in Fig. 1. Fig. 3 
shows the increase in second harmonic which was obtained from 
a particular fault when various values of direct current were 
passed. The fault in this case was found to be a badly soldered 
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Fig. 3.—Increase in second harmonic as direct current is applied. 


sleeve on the outer conductor in a 0-375 in underground coaxial 
cable. Where the harmonic level has been found to vary rapidly 
during testing, the application of a d.c. bias considerably stabilizes 
the signals. 

(7) LIMIT OF SENSITIVITY 


The limit of sensitivity depends upon the power sent to line, 
the distance to the fault, the second-harmonic generation at the 
fault and the bandwidth of the measuring set used, assuming 
that it has ample gain. This is not a very onerous requirement 
as it may be preceded by a suitable amplifier. It is usually 
possible to transmit the fundamental signal at +20dBm, i.e. 
reference level of 1 mW, and with a selective measuring set of 
200 c/s bandwidth to measure second-harmonic signals at a level 
of —140dBm from the line. Thus second-harmonic levels of 
160dB below the outgoing fundamental signal are capable of 
being measured. For a 6-mile repeater section of 0:375in 
coaxial pair cable the range of the fundamental signal required 
is 205-340 kc/s. At 340kc/s the attenuation of the fundamental 
to, and of the second harmonic from, a fault at the far end of 
the section is some 30dB. Therefore, a fault at the far end 
producing a second harmonic of 130dB below the fundamental 
can be located. Faults with a higher harmonic margin may be 
located if they are nearer the testing end up to values of the 
order of 155dB at a distance of one mile. 


(8) CONCLUSION 
The author wishes to thank his colleagues in the Post Office 
Engineering Department who assisted in the development of the 
method and to the Engineer-in-Chief of the Post Office for 
permission to publish the paper. 


(9) APPENDIX 
Derivation of the expression for location of the fault 


List of Symbols. 
fur fn = Frequencies at which successive peaks occur. 
Wn Ona, ete. = 2mf, 27h, +41, etc. 
Af = Mean frequency interval between successive 
peaks. 
Vjn = Phase velocity over the cable at frequency f,,. 
v, = Mean phase velocity over the low-frequency 
band. 
v, = Mean phase velocity over the high-frequency 
band. 
Brn = Phase-change coefficient at frequency /f,. 
d = Distance to the fault. 
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Proof. 
The proof is concerned only with relative phase. Let us 


consider first a signal at frequency /;. 
If sin w,t is the fundamental signal at frequency f; applied to the 
cable, then at the point of the fault it will be represented by 


sin (wt — Bria) 
If the fault has a non-linear characteristic of the form 
v = ai + bi2 the second-order harmonic generated at this point 
will be sin? (w,t — Br1d) 
i.e. cos (2w,t — 26d) 


if the d.c. component is omitted. 
This signal on its return to the sending end will be repre- 


sented by 
cos [2w,t — d(2Br, + Boe1)] 
2w 
Now =“! and =—— 
By a Boyt 5 


and the expression becomes 


cos Ex = a + | 
Uf O27 1 
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This signal combines with the second harmonic cos 2wt ge 
rated locally and will produce the characteristic peaks as 


frequency is increased. 
Thus for the next peak at frequency f, the signal is rey 


sented by 
cos Ee —d (= + 228) 
Ue. V2F2 
and for two adjacent peaks 


#2) _ ag(2t + 21) = 2m 


2d(—2 + 
Beri Vary 


Upaen Voge 
Substituting Af =f, —/f,, ¥; for vg; and vp, and v, for t 
and V2 F2° 
= Uh 
2A f(v; + vp) 


If the frequency used is sufficiently high for the phase velo 
to be assumed constant, 


d 
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SUMMARY 

‘The paper gives a simple theoretical approach to the problem of 
s-modulation distortion arising from frequency pulling in, or in 
t conjunction with, a frequency-modulated klystron. An expres- 
for the distortion spectrum relative to the fundamental component 
derived, and on the basis of this expression a family of curves 
trating the severity of the distortion is computed and plotted on a 
arithmic scale. It is shown that even small mismatches on the far 
of a relatively short feeder into which the klystron is working 
rise to serious crosstalk which, if not remedied, sets a limit to 
quality of the modulator unit. 


* LIST OF PRINCIPAL SYMBOLS 
_ \ = Free-space wavelength, m. 
A, = Guide wavelength, m. 
p = Reflection coefficient of load. 
6 = Phase angle of load, rad. 
_ 1 = Length of feeder connecting the modulator to the load, m. 
a = Largest cross-sectional dimension of guide, m. 
_ = Phase of load referred to the modulator, rad. 
+ ce = Velocity of light, m/s. 
@, = Modulator frequency, rad/s. 
 f- = Carrier frequency, c/s. 
_ fz = Frequency deviation, c/s. 
@q = Frequency deviation, rad/s. 
_ fp = Pulling frequency, c/s. 
_J,, = nth-order Bessel operator. 
_D,, = nth-order harmonic distortion component relative to the 
7 fundamental. y 
_ p = Pulling figure, c/s. : 
__ § = Voltage standing-wave ratio of the load. 
_ S$, = Distance of the sink region from the operating point 
measured in v.s.w.r. units. 
ps = Distance of the sink region from the operating point 
, measured in units of p. 


$=(1-B/(i =f) 


_T, = Twice the group delay of the line. 


i 
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(1) INTRODUCTION 


During the last few years the problem of noise sources in 
multi-channel f.m. systems has been treated both analytically 
and experimentally in considerable detail by several authors. 
The phase distortion (echo distortion) caused by multi-reflections 
in long feeders and the problem of amplitude distortion intro- 
duced by a non-linear modulator characteristic have been 
investigated. The third source of interference in the modulator, 
famely that due to the pulling effect in a modulated klystron, 
does not, however, seem to have been considered very seriously. * 


‘a i ith noise in a klystron modulator has since been published ; 
4 ca Cons, HE: “Interchannel Interference due to Klystron Pulling’, 


MICE, S. O., 
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A SIMPLE INVESTIGATION OF THE CROSS-MODULATION DISTORTION ARISING 
FROM THE PULLING EFFECT IN A FREQUENCY-MODULATED KLYSTRON 
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Admittedly this effect is negligible from the point of view of 
crosstalk when the klystron is being used purely as a modulator 
working directly into a power amplifier or coupled to a load 
isolator of some sort, e.g. a ferrite non-reciprocal network, but 
for many applications one wishes to dispense with additional 
equipment and requires the modulated klystron to work as a 
transmitter connected directly to the aerial system through a 
feeder. In practice the effective length of this feeder may be 
fairly large, and even small mismatches on the aerial side of the 
feeder will give rise to large-scale non-linearities which, if not 
remedied, limit the quality of the modulator unit. 


(2) SIMPLE BASIC THEORETICAL CONSIDERATIONS 


It is well known that if the load presented to a klystron oscil- 
lator is varied, either in phase or in magnitude, there is a corre- 
sponding change in the oscillation frequency of the valve. A 
Riecke diagram is a convenient representation of the stability of 
the klystron for varying loads. With this diagram as a basis, a 
simple analysis of the degree of crosstalk introduced in a modu- 
lated klystron as a result of frequency-pulling effects will be 
presented. 

Consider a klystron connected to a mismatched load through 
a long feeder. Let the normal oscillation wavelength of the 
valve be A, the length of the feeder connecting the valve to the 
load /, and the reflection coefficient of the load referred to the 
plane of the load p. 

For the reflection coefficient referred to the valve, 


pi = |p| exp iF +6) 


r 


= —————_—.-.. . . .. . 

where ro J ANS (1) 
1- (5) 

We assume that the reflection coefficient of the load, both in 

magnitude and in phase, is independent of the frequency within 


a limited interval and write for the phase of the load referred to 
the modulator, 


4nl 
ib balsa pt uidenisess Bins yor 1(2) 
Ag 
To evaluate the frequency pulling of the klystron caused by a 
variation in the angle of the load presented to it, we require the 
differential of the phase angle with respect to the frequency. 


dp _ db dX, dr 33) 
a df dX, dr df 
Evaluating the appropriate differentials, 
ae =— SS a A radians per cycle . (4) 


ex eae 
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Consider now the klystron being frequency modulated by a 

signal whose amplitude is given by 
Vi=V,, COS: wrt 
Employing the usual conception of a frequency-modulated 
signal, the instantaneous frequency is 
S =f, + [7008 Wet 

The variation in the phase of the load presented to the klystron 
modulator as a result of this frequency modulation is obtained 
from eqn. (4) and given by 


4 
Ad = ne COS; oe yet ike (5) 
ai-@) 
Gy] 

The appropriate relationships between the frequency pulling f, 
and the fluctuations in the phase angle of the load can be deter- 
mined by a more practical consideration employing the Riecke 
diagram of the valve. An expression must now be found giving 
the magnitude of the mth-order component in the frequency 
spectrum of the distorted signal relative to that of the funda- 


mental component. 
It will be seen from Fig. 1 that within a limited interval of 


CONSTANT V.S.W.R 


CONSTANT 
FREQUENCY 


~ SINK REGION 
Fig. 1.—A typical Riecke diagram. 


frequency and reflection coefficient the lines representing constant 
frequency can justifiably be regarded as a set of straight lines 
converging somewhere in the sink region of the diagram. It 
seems justifiable to assume that the static and dynamic Riecke 
diagrams are identical and that the time required for the modu- 
lated wave to travel from the klystron to the mismatched load 
and back again is short in comparison with the period of the 
signal that is modulating the klystron. Referring to the idealized 
Riecke diagram in Fig. 2, where 6 is the maximum frequency- 
pulling that can be obtained for a given load mismatch and the 
remaining symbols are as indicated in Fig. 3, the frequency 
pulling is given by 

ip ep )Atare - = = (6) 
ee a constant of dimensions (frequency)/(reflection 


GJESSING: A SIMPLE INVESTIGATION OF THE CROSS-MODULATION DISTORTION 


CONSTANT 
FREQUENCY 


Fig. 3.—The geometry of the Riecke diagram. 


When t pele bn 
an = gh =P 

we have h=B=(pt+ PAT as 
As PUNT tty 


Substituting for 4 in eqn. (6), 


c = on P)g tan é 


sin € =? sin 
Ps 


2 


ie a + # 


(1 — q) sin (Ad + 6) 


ne Se Ed Sa " 
_ 1~ ples 
1 T+ plps 


y simple substitution for tan € in eqn. (7), 


2Bv/q sin (Ad + 6) 


fp = (1 — g) cos (Ad + 0) + (1 +4) (9) 
inserting the expression for Ad from eqn. (5), 
2e 2Bv/q sin (K cos wat + 6) a 


(1 — g) cos (K cos w,t + #) + (1 +4) 


4al 
eV [I — aaa’ ~ Tee 


anding (10) by the binomial theorem, neglecting powers 
sher than the second and rearranging, 


_ 2BV4 tA q\? |. 
seri + (FEB) | sin eos nt +8 


171 —@q. 
il felt +2 
Ae 2 sin (2K cos w, 0) 


K= 


; = i) sin (3K cos w,f + x0} (11) 
Expanding sin (K cos w,t) and cos (K cos w,f) in Bessel functions, 
sin (K cos wt + 4) =F [30K) ao 2 YI) COS NW,t COS a 

4 +& [50K as 2 >i" n(K) COS nwt sin 6 

aK) sing+-2 Py IK) cos nen,tsin(O+7") (12) 


and similarly for the terms containing the arguments 2K and 3K. 
Omitting the constant terms in the frequency spectrum, the final 
result giving the mth-order distortion component becomes 


eat [t+ Gee! Ee (K) sin (6 +5") 


a J,(2K) sin (29 + m) 


neo) = 


sais 


4G =f) J,3K) sin (30-427 cos mrt (13) 


Bis, within a limited interval, approximately a linear function of 
the load v.s.w.r. Introducing the pulling figure p of the valve, 


1+4q 


ees DPV 4 E (K) sin (0 + ™2) — 5 (2) 3,04) sin (26 + “ay 


er 
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which is one of the characteristics of a klystron and is defined 
as the change in frequency obtained when the phase of a load 
having a v.s.w.r. of 1-5 is changed through 7 radians, we have 


Siew! 


iat ae 


If the loss of the line is negligible, p is independent of the feeder 
length. The complete expression for the nth-order distortion 
component then becomes 


“ose AL *A(r30) pea e+) 


-3 = et J,2K) sin (28 4 =) 


iA 2S — 1)p 


fp(nw) = 


a 2) J,3K) sin (38 + as cosnwet (14) 


It should be noted that throughout the paper the feeder 
attenuation has been assumed negligible. If, therefore, there 
were a significant loss included in the line connecting the klystron 
to the mismatched load, it would be necessary to modify the 
parameters p and gq in order to account for the reduced coupling 
between the modulator and the load. The modified (effective 
values of) p and qg, however, are related very simply to the 
values obtained for a negligible feeder loss and will not be dealt 
with. 

Eqn. (14) gives an exact value of the nth-order distortion 
component relative to the fundamental. As a result of the 
complexity of the expression, however, the evaluation becomes 
rather cumbersome and certain simplifications and the relevant 
approximations seem necessary and justifiable. 

In ene the ratio p/p, is fairly small (of the order of 0-2) 

dz nd 3(7 ee ~) in the above expression is Bak in oe 
son with unity. Similarly it can be shown that — 4 (72) J,3K) 


is small in comparison with J,(K) for the components of interest, 
namely the fundamental, the second and the third. The term 
1jl—@q 
ALA 
as J,(K). In Table 1 the magnitudes of the various components 
of eqn. (14) are given for a typical value of K. 


—*) J,(2K), however, can be of the same order of magnitude 


Table 1 


COMPONENTS OF EON. (14) FOR THE TYPICAL CASE K = 0:5 


1= 10m, fg = 0:8 Me/s, fe = 4000 Mc/s, Ag = 9*5 cm. 
—*) is taken as 0:2. 
+g 


The ratio € 


With these simplifications, the nth-order distortion component 
relative to the fundamental can be written 


(15) 


a = lyjl—q 
re 8(S — Deva Es cos 0 — 5) ew cos 20) | 
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In most modulator systems of practical significance, the funda- 
mental distortion component is small compared with the undis- 
torted component, as is clearly shown in the denominator of 


eqn. (15). Hence this equation reduces to 
8(S — aaa ’ nt 
Die OOS PVA) xy sin (6 = 
= ray Losin (6+ 7) 
1sl—@q ; nt 
ges eee = 15 
AG 2) 2K) sin (28 A ay (15) 


To obtain a suitable graphical representation of the results, the 
expression for D, can be subjected to a certain degree of 
rationalization by writing 
8(S — 1h\/q ‘ nt 
= Bee AK (6 e) 
20 log D,, 20 108 | ee 7K) sin ( G + 5 
1j1—@q 
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J,(2K) sin (20 ee =) 420log2 (17) 
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Fig. 4.—Second-harmonic crosstalk as a function of the load mismatch 
plotted with K as the parameter. 
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Fig. 5.—Second-harmonic crosstalk plotted to the base of y.s.w.r. 
with @ as the parameter. 


K=0°'5, Ss = 1:3, 


GJESSING: A SIMPLE INVESTIGATION OF THE CROSS-MODULATION DISTORTION 


(3) A BRIEF DISCUSSION OF THE RESULTS 


Figs. 4 and 5 give the second-harmonic crosstalk +20 log ( D 
plotted against the load v.s.w.r., the parameters being K | 
@ respectively. 

Fig. 4 shows that in the range of v.s.w.r. and delay time 
practical significance, the crosstalk tends to increase asympt 
cally towards a fixed value for increasing delay time. This fi 
value appears to be of the order of 25dB less 20 log p/ 
Practical values for the pulling figure p and the freque 
deviation f,, are 4 and 2 Mc/s, respectively, resulting in a limit 
value for the second-harmonic crosstalk of the order of 20 
It should be noted that this value corresponds to the condit 
when 0, the effective angle of the load, is adjusted for maxim 
second-harmonic crosstalk and hence 20dB refers to the we 
possible condition obtainable. Fig. 5 shows the effect of c 
trolling the load phase-angle 8. It is manifest that by adjust 
the angle @ to zero the second-harmonic crosstalk vanishes. 
superficial inspection of the typical Riecke diagram in Fis 
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Fig. 6.—Third-harmonic crosstalk as a function of load mismat 
plotted with K as the parameter. 
@ = 90°, S, = 1:3. 
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reveals the symmetrical properties of the frequency charac- 
teristics of a klystron for varying load angles. On this basis 
lone one would anticipate the possibility of nullifying the 
ond-harmonic distortion component and similarly all even 
harmonics. 

_ A qualitative examination of the third-harmonic distortion 
component on the basis of the Riecke diagram is rather more 
complex as a result of the skewness of the lines constituting 
constant frequency. It does not, however, seem reasonable to 
expect the third-harmonic crosstalk to vanish for a certain value 
of the load phase angle. This is brought out in Figs. 6 and 7, 
where, as in Figs. 4 and 5, the third-order distortion components 
are plotted against the load v.s.w.r., @ and K being two inde- 
pendent parameters. It is shown that even the maximum third- 
harmonic crosstalk is far less severe than the second, but that it 
is not possible to neutralize the crosstalk completely by varying 0. 
Tt should be noted that by controlling the phase angle it is 
‘possible to minimize the total harmonic crosstalk, but it is in 
general impossible to cancel the cross-modulation completely. 


(4) CONCLUSION 


A simple theoretical investigation of the amount of crosstalk 
introduced by the pulling effect in a frequency-modulated klystron 
_ has been carried out. An expression giving the nth-order distor- 
tion component relative to the fundamental has been derived, 
d on the basis of this, introducing some simplifications 

accompanied by the inherent approximations, curves giving the 
Beccond- and third-order distortion components relative to the 
_ fundamental have been computed. Little work has been done 
_ towards an experimental confirmation of the theoretical result 
obtained above, apart from a comparison of the results on a 
_ purely qualitative basis. A comprehensive experimental analysis 
_ of cross-modulation distortion arising from the pulling effect is 


_ ARISING FROM THE PULLING EFFECT IN A FREQUENCY-MODULATED KLYSTRON 
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somewhat cumbersome as a result of the number of distortion 
sources normally involved. Unless due precautions are taken 
to separate the different non-linear contributions in the modu- 
lator system, one is liable to measure the combined effect of 
‘echo distortion’ and frequency-pulling distortion as well as that 
arising from the inherent non-linearity of the modulation charac- 
teristics of the klystron. By fairly simple means, however, one 
is able to confirm the theory qualitatively. The simple theo- 
retical treatment of the problem of crosstalk arising from 
frequency pulling brings out the importance of isolating the 
antenna and feeder system from the modulated klystron, if the 
latter is working directly into the feeder, which frequently is the 
case in applications such as the back-to-back microlink system. 

The computed curves show that even small reflections give 
rise to sizeable crosstalk if the feeder connecting the modulator 
to the load is not extremely short. Therefore, if the modulated 
klystron is not working directly into a power amplifier, it is 
advisable to connect a well-designed uniline directly to the 
modulator. From the point of view of crosstalk, the match of 
the load isolator need not then be very good. 

It should again be noted that certain approximations were 
introduced in deriving the final expression for the distortion 
spectrum. It is therefore not advisable to apply the formula to 
cases where large standing-wave ratios are involved. These cases 
will in general be of little practical importance, since communica- 
tion systems seldom operate with large mismatches on the feeders. 
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SUMMARY 


The paper describes part of an investigation aimed at developing a 
multi-megawatt pulsed travelling-wave tube. To this end, a multi- 
start helix structure which may be water cooled has been considered 
both theoretically and experimentally. 

Theoretical relationships have been determined for the axial series 
impedance of a sheath helix surrounded by a perfectiy conducting 
cylinder, and for the phase velocity of the propagating modes. Results 
of experiments on four- and eight-start helix structures are found to 
give reasonable correspondence with the theoretical results for equiva- 
lent bounded sheath helices. 


LIST OF SYMBOLS 
ys = Helix angle. 
f = Frequency. 

Af = Perturbation frequency shift. 

Ap = Free-space wavelength. 

A, = Guide wavelength. 

Bo = Phase-change coefficient for transmission in free space. 
B = Phase-change coefficient of helix structure. 
c = Velocity of light. 

V1 = Phase velocity of travelling wave. 

Uz = Group velocity of travelling wave. 


y = Radial propagation coefficient = B ‘i E = ey 
c 


Er = Peak value of axial electric field in travelling wave. 
P = Total power flow in travelling wave. 
v = Volume of perturbing object. 
V, = Volume of resonant cavity. 
! = Length of resonant cavity. 
a = Mean helix radius. 
b = Bounding cylinder radius. 


(1) INTRODUCTION 


For many years the klystron was overshadowed by the mag- 
netron as a source of high-level microwave power. However, 
the work of Chodorow ez al.! has now established the klystron 
as a power generator, and for the greatest peak powers it has 
yet to be surpassed by a magnetron. Although, until fairly 
recently, the travelling-wave tube, with its great bandwidth, has 
occupied a role as a low-power source similar to the early 
klystron, it has now reached the megawatt level.” 

With a view to developing a high-power travelling-wave tube, 
some overall performance parameters have been derived that 
might optimistically be expected from a valve obeying in every 
respect the simplest Pierce theory.? Analysis of an unshielded 
3cm-diameter helical sheath of 30° angle suggested a valve of 
about 30% efficiency, the corresponding gain being about 60dB 
for 1m length. As this elementary review showed promise, an 
introductory study was initiated into the general feasibility of a 
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high-power pulsed travelling-wave tube, amplifying at a fre 
quency of 3Gc/s and with a bandwidth of several hundre 
megacycles per second. Since the start of this investigatior 
added confirmation of the basic idea has come from the publishe 
results of Chodorow and Nalos,* and more recently, of Gittins 
et al.* 

Practical experience with high-power pulsed klystrons sugges 
that the travelling-wave structure should be all metallic and co 
tained in a metal cylinder. To yield an r.f. power output « 
several megawatts, it seems reasonable to base an initial desig 
around the electron beam formed by the unity microperveanc 
gun used in 6 MW pulsed klystrons.> Such a gun gives a 200k 
90 amp electron beam which passes reasonably through a 2cn 
diameter drift tube. 

The foundations of a design having been laid by the choice « 
electron beam, it is necessary to consider the types of slow-wa\ 
structure that might give a reasonable bandwidth. These fi 
into two classes: 

(a) The conventional helix. 

(b) The periodic waveguide, typified by some variation of tl 
iris-loaded circular waveguide used in linear electron accelerators 
The helix-type travelling-wave tubes known at the present tin 

are relatively low-power devices, using an open structure forme 
by a single wire; they operate satisfactorily with electron bean 
formed by 2kV 15mA guns. However, it is quoted in tl 
literature’ that the wire helix is subject to power-handlit 
limitations which make it unsuitable for high-power application 

Field’ has made a survey of the properties of several loade 
waveguide structures. Analysis of his results suggests that the 
effective frequency bandwidth will be very narrow indeed cor 
pared with the helix. Nevertheless, the approach suggested t 
Chodorow, Nalos? and Craig,’ and particularly the idea of usit 
negative mutual coupling, leads to a ‘linear accelerator’ type 
loaded structure. The corresponding bandwidth is about 6 
and the series impedance is high (about 150 ohms). 

With such evidence available, it might be argued th 
Chodorow’s approach is the one to adopt. However, as tl 
main interest is in a travelling-wave tube with a bandwid 
greater than that yet obtained with the perforated-iris waveguii 
structure, it seems reasonable to re-examine the helix structut 
If it could be adapted for high-power operation its great ban 
width might be utilized, although its series impedance is knoy 
to be low compared with the Chodorow structure. A way o 
of this difficulty has been suggested by Dodds and Peters,? wl 
introduced the concept of the filter helix. Their technique 
to combine the helix with a periodic structure, thereby increasi 
the series impedance at the expense of the effective frequen 
bandwidth. 

Most helix-type travelling-wave tubes have been designed 
following the techniques given by Pierce.* This design approa 
uses the concept of a helical sheath, to which a good approxin 
tion for the electron velocities normally used (i.e. up to one-ter 
the velocity of light) is a single-start wire helix. However, | 
electron velocities of the order of two-thirds the velocity of lig 
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ingle-start helix of corresponding phase velocity is an open 
icture and is unsuitable for use in a high-voltage travelling- 
ve tube. Nevertheless, a high-power travelling-wave tube 
lesign may still be based on the sheath helix concept, and a 
i-start helix is suggested as a practical form of structure for 
h a tube. 
_ At first it may seem that the smallest feasible helix diameter 
$s so large that the field interacting with the beam will be small. 
wever, a closer study of the Pierce theory shows that the 
ariation in the field across a 3 cm-diameter sheath of 30° angle 
$s only about 25% at a frequency of 3 Ge/s. 
_ Again, as high-power applications are envisaged, it is accepted 
that the helix will be water cooled. If this can be achieved in 
practice, the structure becomes ideal for high-power operation 
y virtue of the proximity of the coolant for transference of heat 
m both resistive losses and electron bombardment. The 
ovision of a tubular helical conductor suggests a minimum 
pore for the water passage of in diameter which, combined with 
all thickness of sin, leads to a minimum practical conductor 
cross-section of ;9;in diameter. Compared with the small-gauge 
ire conductor used hitherto as an approximation to the Pierce 
ath, the large-section conductor is enormous. Consequently, 
performance of a thick helical structure has to be assessed 
experiment before its utility is known. Results so far 
btained from such a study show sufficient promise to merit 
an alternative approach to that adopted by Chodorow. 


Fy Q) THE SHIELDED-HELIX SLOW-WAVE STRUCTURE 


_ The unbounded helical sheath and tape helix structures have 
been reviewed extensively by Sensiper.!° However, the bounded 
sheath helix (a helical sheath surrounded by a metal conducting 
cylinder) has only received scanty attention, and so the analysis 
thas been extended and compared with experimental results 
derived by perturbation measurements. 

_ Exact analysis of a single-start wire helix is difficult (see 
Sensiper!®), and to set up a reasonable theory Pierce introduced 
the idea of the helically conducting sheet (or sheath helix). A 
helical sheath is represented in Fig. 1(a), where the cylinder is 
assumed to be infinitesimally thin in the radial direction. It is 
perfectly conducting in a helical direction making an angle 
(the pitch angle) with a plane normal to the axis (the direction of 
propagation) and is non-conducting in a perpendicular direction 
to this % direction (the direction of conduction). Evaluation of 
‘the electrical characteristics follows from appropriate solutions 
of Maxwell’s equations chosen for the inside and outside regions 
of the cylinder. Whilst the present study requires the solution 
for a bounded helical sheath, most of the published literature 
considers only an unbounded structure. Accordingly, the results 
for this latter structure are considered first. 


(2.1) An Unbounded Helical Sheath 


Pierce,? Chu and Jackson!! have expressed the solutions in 
terms of three propagation parameters: 


Bo = wfc 
B= ar, | 


eyes: y 
i py E € | 
where w/2m is the frequency of the propagated wave. 


Matching wave impedances in the usual way leads to a trans- 
cendental equation for the propagation factor, namely 


Bo\*TiaKi(ya) 
tan’ yp = (s ) Ip(ya)Ko(ya) 


(1) 


(2) 
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. (a) 


PERFECT CONDUCTING 


g CYLINDER 


DYNAN UU 
(c) 
Fig. 1.—The helical sheath. 


(a) Helical conducting sheet of radius a. The sheet is conducting along helical 
paths making an angle |) with a plane normal to the axis. 

(6) Right-hand set of polar co-ordinates. 

(c) Schematic representation of bounded sheath helix (helix angle W). 


where I,,(x), K,,(x) are modified Bessel functions of the first and 
second kind respectively and a is the radius of the helical sheath. 
M.K.S. units are used throughout. 

From a consideration of the Poynting vector it follows that 
an associated axial series impedance parameter is given by the 


expression 
ee x ey ( Peta) 


where F(ya) = 7-154¢—9-664va 


(3) 


v i 

If = <1 (which is not the case for a slow-wave structure 
associated with a 200kV electron stream, for which lw 0-67), 
it follows from eqn. (2) that € 


Vy 
Soh te tan os (4) 


(2.2) The Bounded Helical Sheath 


The structure of interest is a helical sheath of radius a sur- 
rounded by a perfect conductor of radius b. This configuration 
is shown schematically in Figs. 1(b) and (c) and the appropriate 
solution to Maxwell’s equations may be derived from two 
Hertzian vectors. This technique was employed by Sensiper;!° 
using the usual e—/®n? dependence, it leads to the solution 


I), = 5 ApI,(yre ite "®, a > r > 0 o 


Tle = D [AK Cyr) + Cel, (ye Hore, b> r >a (6) 


TI = >) BIL (yryePn72—J"9, a > r > 0 (7) 


n 


Tg* =D [BK Cyr) + Dil (ye inte, b> >a (8) 


where f,, and y have been defined in eqn. (Ll). Ans Bis Galen 
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are constants determined by the geometry of the system, and the 
indications i and e refer respectively to inside and outside the 


helical sheath. 
In terms of two Hertzian vectors II and II* the electro- 


magnetic fields may be specified: 


YI, wp oilt | 
= zor a) 
pee orl* a 
OF maro oe ore ©) 
II, 
EE, = Foes ain BSL. 
a abrollcee onal | 
eee ae oor 
Pooul. 102119 
ee or aren 0z06 (£0) 
o7TT* 
tebe ay 2. 5 Palle 


and 8} = we as in eqn. (1). 

After a little algebra, it follows from eqns. (5)-(10) that the 
electromagnetic field components may be represented by infinite 
series, for which, the factor ¢~/®»%e-J"® being understood, the 
general terms may be written: 


(i) Within the helical sheath O< r< a) 


E, = — iByAili(yr) — 2 Bir Cyr) 
Wins , 
Bg = — Pata tyr) + jomy BLL” ne 
E, = — y*A‘l,(yr) 
wne .. Ra 
Hy = — joey Abti(or) — Patton) se 
H, = — y*Bil,(yr) 


(ii) Between the helical sheath and outer cylinder (a< r< 5) 


E, = — jBy[A&K,Qyr) + CIyn)] ] 


Wun 
— EE BK (yr) + Dsl,y7)] 
By = — PL Ack (yn) + Cahn] i) 
+jopy[ BK, (yr) + DI (yr)] 
E, = — y°[AK,(yr) + CiL,(yr)] J 
Wen 
H, = =" [AK (7) + Oy] 
— JBy [BRK yr) + DiI, (yr)] 
Hy = — jwey[ASK (yr) + Cej(yr)] t (14) 
Bn. 
= ~ LBrKn(yr) + DS£1,(yr)] 
H, = — y’[B&K,(yr) + DéL,(yr)] 
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To obtain the appropriate dispersion characteristics it is ne 
sary to match the fields indicated by eqns. (11)—(14) at the vario 
boundaries. The general method of field matching, which h 
been indicated by Slater,!? is complex as it involves infini 
series. However, in the case of the sheath helix the bounda: 
conditions are the same for ali values of 8 and z and so tl 
conditions may be satisfied for each value of n separately. 

The boundary conditions are examined at r =a and r = 
[The case of r = 0 has been included in the form of the solutio: 
taken for eqns. (5) and (7).] 

When r = 3, the electric field must be normal to the conductil 


surface and so 
E,=E&=0 


When r = a, the nature of the helical conductivity is shown 
the relations 


Eli, EStnsliaeninovuen le 40 rr 
Ei = E% nun? Lasieabiaen ae 
Ei = — Ejcot¢ > ae a 
Eo SelB cotnbe ae a) ae 
(Hi— H) =(H§—H)cote . . . A 
and so by suitable manipulation 
K,(yd) 
Cea eae ices ite 
: 0) ‘ 
K,(yb) : 
De 2 ee B, 7 , 
Tb) , 
shot L,(ya)K ay 
Al, = Ag die ee » Teakicen Sieg 
Ta) LK, (yayin(yb) *ii8 
K,(ya) Bn | L,(ya)K,(y®) 
Bi = Ac ——"* Lok Thal as Rb 5S aiden A 
aPKC a ieee ) ; K,(ya)I,(yb) ¢ 
— LiyaK, (yb) 
Be = Ag K,(v@) L(yb)K,(y@) : 
"Fouy Kya , Ilya Kulyb) « 
L(yb)K,(ya) 
Thus, after some algebra, 
_ Ty Ky) Bn io : 
L(yb)K (ya) I(yayKy(ya) ei ( a Sinn Wy ; 
L(y@K,(yb) | Inv Knlye) BS 


~ T,(yb)K, (ya) 


For the case of the unbound helix, Sensiper!® derived the cor 
sponding expression 


Bn 2 
\ioaxia Ca¥ tnd) : 
L(yayK,(ya) Be Mg 


The only non-zero axial electric-field component correspor 
to n = 0, and with this substitution, eqn. (25) becomes 


_ LiyaKilyd) 
tan? yb = (ee *T,(ya)Ki(ya) K,(ya)I (yb) | 
v7 Iolya)Kolya) | , _ To(va)Koly6) ; 
Ko(ya)Io(yd) 


Eqn. (27) reduces to eqn. (2), the corresponding equation 
the helix in free space, as b becomes large. 


FOR A HIGH-POWER 


The properties of the function 


— LQ)K\ (ax) 
___Ki@hce) 
_ To) Ko(nx) 
Ko()lg(ax) 
are illustrated in Fig. 2, and it may be seen that for x > 1 and 
: . n> 1-5, Gx) > 1. This property is convenient, for under 


these conditions the simple Pierce result, eqn. (2), may be used 
to determine the dispersion characteristic. 


G(x) (28) 


L.@)Ki(nx) 


| Fig. 


3 _1 = Kote 
: 2.—Plot of G(n) —_ To@)Ko(ux) 
Ko(x)Io(mx) 


The calculation of the axial series impedance defined as E*/?P 
‘is quite involved. £, is known, whilst B follows from the dis- 
rsion characteristic. Use is made of the Poynting vector in the 
evaluation of the total axial power flow, P, and it is helpful to 
separate P into two main parts so that P = Py + Pp. 
Before evaluating P, it is convenient to rewrite eqns. (11)-(14) 
for the case of n = 0 in the form 


hg 
> H, = Alo(yr) + BKo(yr) ) 
: H, = Epanon — BK,(yr)] 
2 By = — FLAN (yr) — BK (y)] 
é . (29) 
4 E, = Clo(yr) + DKo(yr) siete 
E, — Eicon — DK,(yr)] 
ie etCha”) — DK,(yr)] 
the additional notation to be employed being: 
(i) Within the helical conducting cylinder, ie. 0< r< a, the 


suffix 1 is used. 


(ii) Between the helical conducting cylinder and the outer 
‘conducting sheath, ie. a< r< 5, the suffix 2 is used. 
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Accordingly, 
B, —= D, = 0 
1,(y5) 
B,=A 
2 Ki (yd) 
~e D 
Oa — aR ob) 
pens 1: (YK (yb) — ee a 
ay, IoyaKoly6) cath 
C, = fet 4, Koy) ee nee tb 
y ~ *Ky(yb) LIo(ya)Ko(yb) — Io(yb)K (ya) 
vey Bee a Neale) 
: és T,(ya)K,(yb) 


It follows that on the axis E, = C,. 


In general, if H* is the complex conjugate of H, 


Pre 2m | 42 (BHs — EgH*rdr 
cross-section 


so that, inside the helical sheath (0 < r < a), 


a 


P 
IGP = er § Be (ely? + wl AiR Cy@rar 
i. wtb Bo iy Telyay 
2: |. Tat Bye) 


x Hoa + ae _ 186 | 


and outside the helix (a< r< b), 


P, = 7 | eee basa EF Bice] [ Honre 


weP Io(yb) 


b 
= 2n| CHP 1(72) |A,|? lee | | L,(yr)K (yr)rdr 


2 Ki(yb) y? Kolb) 
wpuB B(yb) weB 13(yb) | os 
+ | oe 7 Kxyb) 4 |” oy KAy 2 [ Konrar 


In view of the length and complexity of the function repre- 
senting P>, the presentation is simplified by introducing the 
quantities P,., Pg and P,, where P, = P, + Pg + Py and 


Py _ THB Roya) { eK}(yb) 
[2 27? loaKo(ys) — Iny)Kolya)? 
re y7K3(yb) tan? ys } 
wT (ya Ky (yb) — Wy) Kia) J 


x {eRe — &(ya)] — [b71R(yb) — a7I$(ya)] 
=e = [bly b aly) — al,(ya)Io(yb)] 


€Ko(yb)Io(y4) 


Pe meoB —_ 
1a y? ae) [To(ya)Ko(yb) — Io(yb)Ko(ya)/? 


y? 1,(yb)K (yb) tan? 1 
op oak) — hOdKiyay’s 
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Fig. 34 shows the variation of phase velocity for a 3cm- 
diameter unbounded sheath helix as determined by computation 
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Fig. 34.—Theoretical and experimental dispersion curves for 
sheath helix (fundamental mode). 


— Theoretical curve, bounded sheath helix. 
—--- Theoretical curve, unbounded sheath helix. 
x Experimental points, 4-start helix. 
© Experimental points, 8-start helix. 


from eqn. (2); the broadband nature of the structure is at once 
apparent. For synchronism of the wave with a 200kV electron 
beam the helix angle is about 30°, the corresponding axial series 
impedance being 33 ohms. 

The presence of a surrounding conducting cylinder modifies 
this dispersion characteristic in the manner indicated by eqn. (27). 
For a helical sheath diameter of 3cm, a bounding cylinder of 
6cm diameter was chosen. Reference to Fig. 2 shows that the 
corresponding dispersion characteristic should approximate 
closely to the corresponding unbounded characteristic seen in 
Fig. 3A. 

Calculation of the series impedance of this shielded helix 
structure requires an assessment of the axial power flow. Fig. 4 
shows this characteristic for a 30° helix angle, with the relative 
powers flowing inside and outside the helical sheath. When 
combined with the theoretical dispersion characteristics of 
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Fig. 3B.—Comparison of experimental resonances found for 
unstrapped helix, with bounded sheath helix theory. 
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Fig. 4.—Normalized axial power flow in bounded sheath helix. 


Sheath helix diameter, 3cm. Outer conductor diameter,6cm. Helix angle, 30‘ 
(a) Total power flow characteristic. 
(6) Power flow outside helical sheath. 
(c) Power flow inside helical sheath. 


Fig. 3A, the variation of axial series impedance with frequency 
represented in Fig. 5. 

It is instructive to compare this impedance characteristic w 
the Pierce expression of eqn. (3). The parameter F(ya) for 
unbounded helix of 3cm diameter may be compared with 
equivalent function computed for the same helix surrounded 
coaxial conducting cylinders of different diameters. Fig. 
shows that a 2 : 1 diameter ratio does not introduce too seric 
a reduction in the axial series impedance, thereby confirming : 
choice of basic diameters. 


(3) EXPERIMENTAL METHODS 
The two important characteristics are the phase velocity z 
the axial series impedance for the fundamental mode. For 
structures considered, these were determined by resonant-! 


2 2 
#/B®),OHMS 


AXIAL SERIES IMPEDANCE G 


20 25 3:0 3.5 


FREQUENCY, Ge/s 


Fig. 5.—Theoretical and experimental series impedance for bounded 
; sheath helix. 
Theoretical curves, bounded sheath helix. 


x Experimental points, 4-start 30° helix. 
© Experimental points, 8-start 35° helix. 
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for 35° helix. 


(6) Bounded sheath helix. 
“quency and perturbation measurements on cavities formed by 
enclosing suitable lengths of the structure between short-circuit- 
ing planes (Fig. 7). 


(3.1) Phase Velocity Determination 


_ With ideal short-circuits, the cavity would be an integral 
‘number of half-wavelengths long at resonance. The helix has 
‘no planes of symmetry, so in a standing-wave pattern there are 
‘no planes where a metallic plate can be inserted without dis- 
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Fig. 7.—Strapped eight-start helix. 


Half outer shield removed. 


turbing the field distribution. Higher evanescent modes are 
excited near the ends of the cavity and modify the measured field- 
strength patterns. However, it has been shown!? that, if there 
are no other circularly symmetric propagating modes of the 
helix for the range of parameters considered, a metallic plane 
short-circuit is equivalent to an ideal short-circuit somewhat 
displaced from the physical plane. 

The plots of axial electric field strength using a perturbing 
bead are described below and serve to determine approximately 
the number of half-wavelengths, N, in the length of the cavity. 
Nevertheless, the guide wavelength may be determined to suffi- 
cient accuracy by assuming the cavity to be exactly an integral 


number of half-wavelengths long, so that 
ieee at (30) 
Cc NC 


(3.2) Axial Series Impedance Determination 
Since both longitudinal magnetic and electric fields are present 
along the axis of the helix, a dielectric bead was chosen in order 
to perturb only the electric component. The relevant theory of 
cavity perturbation by a small object has been fully described by 


several authors.!*!> | | 
Applied to a small dielectric sphere of volume v and dielectric 


constant ¢, it gives 
Bifey 6). 2 Ee a 2) 
3v 


p°P 


Ley Af 


ov, f 
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The presence of higher modes near the ends of the cavity 
invalidates any measurements of series impedance 1n these 
regions. One effect of these modes can be seen in Fig. 8, where 
there is up to 10° variation in the peak electric field strengths. 
The group velocity v,, is obtained by differentiating a dispersion 
curve for the structure. 
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Fig. 8.—Typical perturbation curve. 
Frequency shift, Afin Mc/s. 
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Fig. 9.—Arrangement of measuring equipment. 


(4) EXPERIMENTAL DETAILS 


The schematic of the apparatus used is shown in Fig. 9. A 
coaxial-line klystron oscillator generated at frequencies from 2 
to 4Gc/s, and the main resonant frequencies of the cavity were 
measured by comparison with a number of cavity wavemeters. 
A swept-frequency technique was used, and the resonance curves 
were displayed directly on an oscilloscope screen. The test 
cavity, Fig. 10, was monitored by a small loop in an end wall, 


INPUT LOOP, OUTPUT LOOP 


L ce 


EXTERNAL Si6L0 | 


Fig. 10.—Diagram of test cavity. 


oriented so as to couple with the circumferential magnetic field 
of the fundamental mode. 

A smal] glass sphere suspended by a fine nylon thread along 
the axis of the test cavity was used to perturb the resonant 
frequency. The field variation along the axis was determined by 


BUCKLEY AND GUNSON: THEORY AND BEHAVIOUR OF HELIX STRUCTURES 


plotting the frequency deviation Af against the distance of tl 
bead from one end of the cavity. Ideally, the result should be 
(cosine)? curve, but as a result of higher modes, it is distorte: 
especially near the ends of the cavity. By assuming the varii 
tions in Af to be random, an estimate of the actual frequen 
shift was obtained by averaging the peak values of Afat positiay 
not too close to the ends of the cavity. 

In some cases the measured values of Af were of the order \ 
200kc/s, and therefore not much greater than the frequend 
discrimination of the wavemeters, which was +30kc/s over ma 
of the frequency range, due to reading error. To obtain mo) 
accurate values, the cavity wavemeter was replaced by a heter« 
dyne frequency-measuring system. This used a second klystra 
oscillator operating at a fixed frequency determined by a cavii 
wavemeter. A difference frequency of a few megacycles po 
second was produced when power from both klystrons was fe 
into a crystal mixer, the mixer output being fed into a standaz 
communication receiver. An output signal was taken from tH 
receiver and displayed as a narrow pip on the oscilloscope scree: 
thereby acting as the ‘wavemeter’ trace. The change in resona 
frequency caused by perturbation of the test cavity was measure 
directly from the frequency calibration of the communicatic 
receiver. With an effective Q-factor of about half a million, tk 
discrimination was better than +Skc/s. This compared wii 
the accuracy of setting the resonance peaks into coincidenc 
which was at best +10kc/s. 

Measurements were complicated by the presence of numeroy 
resonances when the cavity oscillated in other, non-circular 
symmetric, modes. Such resonances were distinguished fro? 
true fundamental-mode resonances by the absence of true zere 
of electric field along the axis. When the guide wavelength wi 
not too short, perturbation plots of some of these resonanc‘ 
could be obtained, from which the phase velocities could t 
determined by counting the peaks. 

To investigate the effect of strapping on the electrical chara: 
teristics, thin copper bands, $in wide, were clamped round tl 
helix (Fig. 7). These were spaced at equal distances along tI 
helix, the spacing being such that the short-circuit planes alway 
coincided with a symmetry plane of the set of straps. For ea 
in assembly this was always chosen to be half-way between tv 
straps. The measurements on strapped helices were easier sin 
resonances due to higher modes tended to be less prominer 
this effect presumably being associated with the large perturbir 
effect that the straps had on the transverse modes. 


(5) EXPERIMENTAL RESULTS. COMPARISON WITH : 
THEORY 
The most complete set of measurements were made on tl 
eight-start 35° helix, this being the original structure chosen aft 
calculations with sheath helix theory. Phase velocity and axi 
series impedance curves are shown in Figs. 3A, 3B and 5. TI 
experimental values of phase velocity agree reasonably well wi 
theory, though the deviations shown are significantly great 
than experimental error. Cavity lengths and frequencies a 
measurable to better than 1 part in 1000, and so the accuracy 
measuring phase velocity is of the same order. The deviatio: 
are attributed to two main causes: 
(a) The assumption that the cavity length is exactly an integ 
number of half-wavelengths long. 


_ (6) Mechanical imperfections in the helix due to random dev: 
tions from the design values of conductor spacing and radii 


structures. 

A more sensitive test of the difference between multi-start a: 
sheath helices is given by series impedance measuremen 
Fig. 5 shows that agreement between experiment and theory 
closer for the four-start helix, the experimental curve being alme 


e same as the theoretical curve except for a constant reduction 
or of about 0-75. The experimental errors are not shown 
the diagram, but are of the order +5°% for the four-start 
and +20% for the eight-start helix. For the latter, the 
ured values fall well below the theoretical curve, showing 
at the ratio of conductor thickness to conductor separation is 
foo high for sufficient coupling between the inner and outer 
ons of the structure. In addition, slight variations in the 
itch of separate conductors cause large percentage variations 
n the gap width, which is nominally 0-07in. On the other 
and, the gap width for the four-start helix is 0-4in, and so not 
aly are these variations reduced, but the coupling is increased. 
Yoviously there must be an optimum number of conductors for 
a given helix angle and conductor diameter, to give greatest 
‘series impedance in the fundamental mode. 
_A knowledge of higher propagating modes is of value in 
ermining the possibility of unwanted coupling to an electron 
Such interaction could lead to instability in travelling- 
we-tube operation. Accordingly, theoretical calculations of 
phase velocities of these higher modes has been carried out 
g eqn. (25). The results are plotted in Fig. 38 for the 35° 
, with corresponding experimental results. Some of the 
erimental phase velocity results were derived from measure- 
nents of appropriate standing-wave patterns. The other experi- 
ental values have been deduced from cavity resonances when 
we corresponding standing-wave pattern defied resolution. 
ohnson, Everhart and Seigman!® show that the space harmonic 
ontent of the fundamental mode on an N-start helix contains 
ly components corresponding to the .. . —2N, —N, O, N, 
. .. modes on a sheath helix. For the four-start and eight- 
structures, the phase velocities are well removed from the 
ion of interest. The only mode which might cause instability 
the n = — 2 backward-wave mode shown in Fig. 3B. Inter- 
ction with this mode would be strong only for parts of the 
: on beam well off the axis and near the helix structure, 
Decause of the I,(yr) variation in the longitudinal electric field 
Strensth. Satisfactory determination of the effects of these 
“modes can only be made by actual electron beam measurements. 


_ Determination of the effects of strapping were carried out only 
_% 
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on the eight-start helix. The phase velocity curves in Fig. 11 
show a general increase in value, except near the 7-mode region, 
where the group velocity falls to zero and the phase velocity 
approaches the value for the unstrapped helix curve. The 
measurements of series impedance are not very accurate, but the 
general trend shows that it is of the same order as for the 
unstrapped structure, increasing only when the group velocity 
falls near the 7-mode cut-off. In order to obtain an appreciable 
increase in series impedance, heavier loading is necessary, pos- 
sibly internal to the helix. This would increase both the relative 
axial electric field values and reduce the group velocity. 


(6) FUTURE DEVELOPMENTS 


The success of the bounded sheath theory in predicting the 
dispersion relationship (Fig. 38) for a practical structure is 
gratifying. 

Helices so far measured experimentally have been formed from 
separate conductors. However, the small effect of the straps 
noted in the measurements allows such members to be present 
in an advanced structure. Accordingly, a unit construction 
system may be developed using standard ‘bricks’ of the type 
shown in Fig. 12. 


Fig. 12.—Unit brick. 


An assembly technique to simulate the unidirectional helix 
structure is obvious. However, if adjacent elements are 
assembled to give alternately right-hand and left-hand helix 
sections, a simple theory suggests that the resultant pseudo-cross- 
wound structure would have a greater series impedance than the 
corresponding continuous helix. 
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SUMMARY 


An improved bandwidth has been obtained from a six-cavity pulsed 
band klystron amplifier by the use of a double-tuned output circuit. 
ie Output power was greater than 2-5 MW over a 6:3% bandwidth 
hen the drive power was optimized at each wavelength, and greater 
an 2 MW over a 5:5% bandwidth with a constant drive of 25 watts. 
he power in the electron beam was 10 MW. 


LIST OF SYMBOLS 


d, = Inner door aperture. 
_d, = Outer door aperture. 
_ I, = Driving current. 
/ = Length of second cavity. 
P, = Output power. 
Q = Q-factor of cavity. 
R, = Output load resistance. 
Z\2 = Transfer impedance. 


c (1) INTRODUCTION 
A recent paper by King! described a six-cavity klystron 
plifier which gave a saturated output power greater than 
SMW over a band of 5:3%. The useful bandwidth was 
limited by the variation with frequency of both the saturated 
Output power and the drive power required. This paper describes 
results obtained with a similar valve, modified to obtain a greater 
bandwidth. 
_ The bandwidth set by the saturated output power is largely 
determined by the impedance/frequency characteristic of the out- 
put circuit. Beaver et al.2 have shown that by using a double- 
runed output circuit this bandwidth can theoretically be increased 
up to twice that of a single cavity. An output circuit of this type 
was designed and incorporated in the valve to be described. 
_ The bandwidth of the drive/frequency characteristic depends 
on the resonant frequencies of the individual cavities, especially 
intermediate or floating cavities. The useful bandwidth can 
be widened by increasing the stagger-tuning of the cavities, but at 
he expense of gain and regularity of the response. Further 
improvement might be obtained by increasing the number of 
avities, but there is a limit to the extent to which this is useful,’ 
and it has not been attempted, on the grounds of mechanical 
complexity. Increased stagger-tuning was made available by 
off-setting the tuning ranges of the intermediate cavities, follow- 
ng the pattern of frequencies used in the earlier valve.! 


(2) DESIGN OF THE OUTPUT CIRCUIT 


_ The original output circuit consisted of a rectangular cavity, 
soupled to the output waveguide through a pair of inductive 
foors, as in Fig. 1. The double-tuned circuit was formed by 
idding a further pair of doors to form a second cavity, as in 
“ig. 2. The length, /, of the second cavity was chosen to give 
he desired resonant frequency, final adjustment being made with 


Mr. Curnow and Mr. Mathias are at the Services Electronics Research Laboratory. 


It was published in January, 1959, and was read before 


VILLI LILILLL AY bre m2 : =z 
DIAPHRAGM TUNER OUTPUT 
WAVEGUIDE 


Fig. 2.—Double-cavity output system. 


the diaphragm tuner. The capacitive stub was added to this to 
give a reasonable tuning range for a small movement of the 
diaphragm. The apertures, d,; and d, between the doors, were 
chosen to give the appropriate frequency response, which was 
decided upon by the following method. 

The power coupled into the external load from a bunched 
beam crossing the interaction gap is given by 


Pe = AP|Z 12/71 Re 


I, is the driving current at the gap, ie. the effective r.f. current 
in the beam; R,, the external load resistance; and Z,,, the transfer 
impedance, defined as the ratio of the voltage appearing across 
the load to the driving current. As the saturated driving current 
is largely independent of frequency, the saturated output power 
will vary with frequency as |Z,|?._ In the case of a single-cavity 
system, Z;> is just the total impedance across the gap, and it is 
possible to calculate the value of the loaded Q-factor required to 
optimize the bandwidth to any desired power level.2 Using a 
model of the output system, the coupling to the cavity can be 
adjusted to give this value. With a doubly-resonant system the 
form of Z;> is not so simple, and an experimental method of 
optimizing the bandwidth is desirable. 

The frequency characteristic of Z;, for any output circuit can 


[ 487 ] * 


488 


be investigated by feeding into the output waveguide a signal of 
constant amplitude. The voltage appearing across the gap will 
then be proportional to Z,, and the output voltage of a square- 
law crystal loosely coupled to the cavity will be proportional to 
P,. A model of the double-cavity output system was made in 
which the door apertures were adjustable. The relationship 
between the signal obtained from the crystal and the output 
power to be expected from the klystron was established by 
removing the outer doors, so that the model represented the 
single-cavity system of which the performance was known. In 
this way, the signal level, corresponding to the value of 21, 
needed to give 2-5MW output, was determined. The two 
apertures were then adjusted to give the maximum bandwidth 
at that signal level. It was found that a bandwidth of just 
under 7% was obtainable. 


(3) EXPERIMENTAL RESULTS 


Apart from the output system and the increased stagger-tuning 
available, the construction of the klystron was identical to that 
of the earlier one.! It was operated at 120kV, with a collector 
current of 82amp and a beam interception of about 6%. The 
pulse length was 2microsec and the pulse repetition frequency 
100 pulses/sec. The cavity frequencies were adjusted to give a 
saturated output of more than 2:5 MW over as wide a band as 
possible. The saturated output and drive required are shown in 
Fig. 3. The maximum bandwidth to 2-5 MW was 6:3 %, com- 
pared with 5-3°% obtained with the single-cavity output valve.! 
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Fig. 3.—Saturated output characteristics. 


Although this is a significant improvement, it is much less than 
that expected from the theory of Beaver et al.2_ The shape of the 
output characteristic of the earlier valve suggests that its output 
circuit was not truly singly-resonant (see Reference 1, Fig. 4). 
The best results were obtained by varying the loading of the 
output cavity with a capacitive matching stub in the output 
waveguide. This may have been acting as a second tuned circuit, 
giving some increase in bandwidth over the single-resonance 
value. Thus the failure of the double-tuned circuit to produce a 


greater increase in bandwidth may have been due to the enhanced 
performance of the earlier valve. 


CURNOW AND MATHIAS: A MULTI-CAVITY KLYSTRON WITH DOUBLE-TUNED OUTPUT CIRCUIT 


- $i 


1 
MAXIMUM OUTPUT | 


OUTPUT WITH 


| 

\ | 

25 WATTS DRIVE | 
| 

| 


= 
= 
in] 
iso 
: g 
3 , 100 S 
w 
2 
a 
(a) 
sO uw 
f XN ac 
DRIVEFOR “N= WU Z 25 
MAXiMUM OUTPUT Te \ 
0 ie} 
10-6 10-8 10 12 1-4 
WAVELENGTH ,cm 
{ ' ' 
§ 3 1 CAVITY TUNING 4 2 


Fig. 4.—Output characteristics for a constant drive of 25 watts. 


The cavity frequencies were also set to obtain the maximi 
2MW bandwidth with a constant drive. The results are sho 
in Fig. 4. More than 2MW was obtained over a 5:5% ba 
with a constant drive of 25 watts. 

Although the cavity tuning pattern was no longer limited 
the tuning ranges available, it was still not possible to set 
intermediate cavities to give a very flat drive over the increa: 
bandwidth. It will be seen from Figs. 3 and 4 that the dr 
characteristic is tilted, compared with the response which mi; 
be expected from the cavity resonances alone. The direction 
this tilt would indicate!» that the cavities were too closely spa 
for optimum performance. 


(4) CONCLUSIONS 


By using a doubly resonant output circuit the bandwidth 
2:5 MW has been increased from 5-3% to 6:3%. While i 
not suggested that the design tested was completely optimiz 
it seems unlikely that any great improvement could be mi 
without employing even more complex circuits. The use 
bandwidth of the valve is limited by the drive required, < 
improving this would involve adjusting the cavity separati 
and possibly increasing their number. 
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SUMMARY 


The paper outlines the problem of the measurement of the Q-factors 
f resonators for the C.E.R.N. linear accelerator. The Q-factors 
volved are of the order of 105, and the resonant frequencies are in 
range 200-300 Mc/s. The methods considered are briefly discussed, 
the one which seems most suitable employs sinusoidal amplitude 
Odulation. The accuracy depends on a low-frequency phase 
surement, and, for this reason, accurate knowledge of the power 
of the detector is not required. The modulation component 
ndergoes a phase shift owing to the high Q-factor of the resonator. 
Then this attains a magnitude of 7/4rad, the Q-factor is given by 
half of the ratio of the resonant frequency to the modulation 
equency. Two alternative procedures are described. A mathe- 
tical treatment of the theery and some experimental results are 
cluded in Appendices. 


LIST OF SYMBOLS 


v = Instantaneous voltage. 
Vo = Peak voltage. 
i = Instantaneous current. 
Ig = Peak current. 
R = Resistance. 
a = C = Capacitance. 
Z = Impedance. 
t = Time. 
w = Angular frequency. 
@,) = Angular frequency for resonance. 
_ @, = Angular frequency of modulation. 
Wy = W— Wo. 4 
m = Degree of modulation. : 
¢ = Phase difference of modulation component. 
ws = Phase difference of carrier component. 
JS = Imaginary part. 
&R = Real part. 
Qq— 20w,/ Wo- 
a, = 2Qw,,| 0. 
t 22 
OY Tem ta — ald +a + a) 
2a 
Bay 1 


tan y’ = 


tana = w,,RC 
A=1 + (aj — a3)? + ay + 4) 


(1) INTRODUCTION 


At the laboratories of the European Organisation for Nuclear 
Research in Geneva, Switzerland, a 25 GeV proton synchrotron 
is being constructed. The injector for this high-energy particle 
accelerator will be a proton linear accelerator, which will accel- 
erate protons from an initial energy of 500keV to a final energy 
of 50 MeV. Three resonant cavities, operating in the Eo;9-mode 
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of oscillation, will be used to effect this acceleration. The first 
of these cavities is 5-5m in length and 1-08 m in diameter; with- 
out its drift tubes, which, in resonant linear accelerators, shield 
the accelerated protons from the reverse phase of the radio- 
frequency accelerating field, the resonant frequency is 212-8 Mc/s. 
The second and third cavities are 12 and 11-2m in Jength, and 
0-93 and 0-82m in diameter, respectively. In the absence of 
the drift tubes, the resonant frequencies are 246-9 and 
281-3Mc/s. When the drift tubes are inserted in all three 
cavities, the common resonant frequency is 202-5 Mc/s. For 
each cavity a measurement of the Q-factor must be made 
under three separate experimental conditions, first without 
the drift tubes, secondly with the drift tubes, and finally 
with both the drift tubes and the high-power coupling loop. 
This final measurement is made in order to determine the 
loaded Q-factor, so that corrections can be made to the size of 
the loop if the desired coupling between the resonator and the 
coaxial feeder is not obtained. It is important that any measure- 
ment of the Q-factor be made in a short period of time, for the 
following reasons. Taking the resonant frequency as 200 Mc/s 
and the Q-factor as 10°, the width of the resonance curve at the 
half-power points is only 2kc/s. Since the temperature coeffi- 
cient of the resonant frequency is approximately 4kc/s per deg C, 
the measurement time must be short compared with the time for 
the mean temperature of the resonator to change by 0-01°C. 
Relatively high accuracy in these measurements is required, since 
a subsequent investigation of a low value of measured Q-factor 
may involve high costs and a loss of installation programme 
time. It would be even more embarrassing to make the discovery, 
after the drift tubes had been fitted, that the previous measure- 
ment had been optimistic, for it would then be necessary to 
remove all the drift tubes from the cavity and repeat the 
measurements. 


(2) THE METHODS CONSIDERED 
(2.1) Measurements Involving Slow Procedures 


Methods* involving slow procedure are intended to include 
what could be considered as precision measurements, in order to 
satisfy the criterion of accuracy. 


(a) A variable-frequency oscillator is used as a source of r.f. 
power, and is coupled to the resonator by some convenient 
system such as a loop. Observations are then made of the 
d.c. variations of a rectified r.f. signal from the resonator, 
which have been produced by measured changes in the 
oscillator frequency. 

(b) A fixed-frequency oscillator is used, and the changes in 
frequency are effected by altering the resonant frequency of 
the resonator. Observations are made as in method (@), but 
a frequency calibration is required for the tuning mechanism 
which is incorporated in the resonator. 

* An interesting method depending on r.f. phase measurement, for which a high 


degree of accuracy is claimed, became known to the author subsequent to the con- 
sideration of the methods which are given above. 
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(c) To avoid the necessity for knowing the relationship 
between the r.f. power which is applied to the rectifier unit 
and the direct current which is caused to flow, the rectified 
current is maintained at a constant level. This is made 
possible by the inclusion of an r.f. attenuator. Observations 
are now made of the variations in the setting of the attenuator 
for measured changes in either the oscillator frequency or 
the resonant frequency of the resonator. 

(d) A slotted line is used to make v.s.w.r. meee for 
frequencies in the vicinity of the resonant frequency. 

(ec) By measuring the magnetic field at the walls of the 
resonator, the theoretical Q-factor may be determined.! 


(2.2) Measurements Involving Fast Procedures 


Measurements involving fast procedures, with one exception, 
may not be as precise as those previously mentioned, but they 
would satisfy the criterion of rapidity of procedure. 


(a) An f.m. oscillator is used as the source of power, and a 
resonance curve may be displayed on the screen of an oscillo- 
graph. An auxiliary r.f. oscillator may be used to provide a 
frequency calibrating system.” 

(b) A pulsed a.m. oscillator is used, and, in this case, a 
measurement is made of the time required for the detected 
pulse from the resonator to decay to a measured fraction of 
the original amplitude. 

(c) A sinusoidal a.m. oscillator is used, and a measurement 
is made of the phase difference between the modulation com- 
ponent of a signal which has passed through the cavity and a 
suitable reference signal. 


(2.3) Comments on the Methods Considered 


In our experience the methods of Section 2.1 can give only 
a limited accuracy. This may be expressed in terms of the 
probable errors encountered in typical results. For method 
2.1(a), a probable error of +5°% could be achieved, but a more 
precise measurement required a very great effort. Since methods 
2.1(6), (c) and (d) also involve a determination of experimental 
points from which a resonance curve can be constructed, it may 
be concluded that none of them will give a better result. Method 
2.1(e) was considered because all the necessary apparatus was 
readily available for measurements not connected with the 
Q-factor. The method would have some applications whilst the 
drift tubes were not inserted, but not otherwise. It would there- 
fore seem necessary to avoid a slow-procedure inethod. The 
difficulty presented by the fast-procedure methods is primarily 
due to: the errors of measurement which are introduced by the 
oscillograph, since all three fast-procedure methods can be 
carried out using an oscillograph as the measuring instrument. 
There are, however, two fast-procedure methods which rely 
on amplitude measurements to determine the resonator power 
level, and one, namely method 2.2(c), which relies on a phase 
measurement for this determination. If there should be any 
doubt as to the relationship between the resonator power 
level and the indicated amplitude measurement, it would 
seem preferable to employ method 2.2(c) in conjunction 
with a highly sensitive phase-difference detector. This phase 
measurement can be carried out in our application at a frequency 
of 1-3kc/s, which is not inconvenient. Therefore this is the 
method which has been chosen as being the most suitable. 


(3) SOME DETAILS OF METHOD 2.2(c) 


A resonant cavity is analogous to a series-tuned lumped circuit, 
and therefore to obtain a theory for method 2.2(o), let us consider 
an amplitude-modulated wave which is applied to such a circuit. 
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Let a voltage v which is given by the expression 
v= Vosinwt(1 + mcoswW,yt) . 


be applied to an impedance Z, which is that of the series t 
circuit, and is given by the approximation 


Z = Ril + Ow — wo)/wo] 


The current which flows is given by 


p= 4 sin wot{1 + mcos ¢ [cos (Wnt — )]} ; 


assuming that w = wo, i.e. that the circuit is in exact resonand 
The phase constant, ¢, is given by 


d = arc tan 20w,,Jag. = oh io ae 


It is therefore clear that a phase difference exists between t 
modulation components of the current and the voltage in t 
simple case of a series tuned circuit. When this phase differe: 
attains the value 7/4rad, the Q-factor is given by 


= —— 4 ( 


A more detailed analysis is given in Appendix 7.1, where it! 
shown that, when the circuit is not exactly tuned, a ph 
modulation term is introduced into the expression for the currer 
This term reduces to zero when the circuit is tuned. In additi 
it is shown that there can be an error in the phase shift of t! 
modulation component. However, the error is shown to be 
the same sense for either direction of mistuning. Consequenti 
the tuning of the circuit could be completed by an observatic 
of the limiting value of this phase shift. For the series tuna 
circuit previously considered, the voltage and the current can | 
more easily determined than for a resonator. With a resonata 
it is found that a rectified signal which has been derived from tt 
power applied to the resonator can provide a reference phase fé 
the modulation component. Another rectified signal is derive 
from the resonator, and the phase of this signal is found © 
exhibit a variation similar to that calculated for the phase of tl 
modulation component of the current in the series tuned circu: 
Therefore the application of eqn. (5) to the determination of tl 
Q-factor of a resonator involves the accurate measurement of tI 
phase difference between the two signals described. In practic 
two alternative procedures are possible. In the first, a detect 
for 7/4 rad is used, and the modulation frequency is varied unt 
the phase difference attains this value. In the second procedu 
a Orad phase detector is used. The reference signal is pass 
through a phase-shifting network whose characteristics can | 
varied to obtain zero phase difference relative to the rectific 
signal from the resonator. Once this condition is obtained, tl 
phase difference is independent of the modulation frequenci 
from zero to the limit where differences between thé two rectifi 
units become significant. The second procedure may be superi 
to the first, in that harmonics of the modulating frequency a 
not so serious. Both branches can discriminate against he 
monics to the same degree. Appendix 7.2 gives an analysis 
an RC circuit of the type envisaged. 


(4) CONCLUSIONS 
By employing the low-frequency phase-comparison techniqt 
drifts in frequency of either the source of rf. power or t 
resonator are indicated by a phase error. This can be correct 
before the experimental observation is made from which t 
Q-factor is determined. No assumptions are necessary Ww 
respect to the characteristics of a rectifier, nor do small variatic 


the power level of the oscillator give rise to errors in the 
sured value of the Q-factor. Although other methods give 
quate results for small resonators which are measured under 
d experimental conditions, the method is worth consideration 
er when greater accuracy is required or when the conditions 
r measurement are unfavourable. 
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a 
& (7) APPENDICES 

(7.1) The Theory for the Phase Shift of the Modulation 
4 Component 


c An equation for a sinusoidal amplitude-modulated wave may 
be written as 


& 


ee #{ Yoet 4 Vor [oko teom + eha—onn! (6) 


and if this voltage is applied to a series tuned circuit, whose 
‘impedance is given by the approximate relation 


Z = Ril + 2jO(w — w)/wo] eer (7) 
the current is given by 
a Vel! 
4 AR + 2jO(w — wo)/wo] 
7 Vom EKO Ont “4 
“s R ey + 2j7O(w — wp + Wm)/wo 


ei@—Om)t }} (8) 
TT + 20 — wo — &y,)/o 


In order to make a simplification, and to bring out more 
‘clearly that w may not, in general, coincide with wo, we put 


O-— Wy B= Wy . . . . ° ° (9) 


4 4 Furthermore let (10) 


a, = 2Qw 4/4 
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a, = 20,,/aW 


Io ae Vo/R 


(11) 
(12) 


and also 
Then 


er |! ai a (dl ua SS al 
1 + jay 2L1 +J/(@ + a) 


CL Hens | 
+ tes }}) oo 


From this expression, after rationalizing the denominators, 


obaea ad — ja;) on kS fl m 5 ; 

(6 aaa ot oats | erie + a? + a) 
[CL + a2)(ef@mt + g—domt) + (ayay — jay)(elomt — e—Jemt)] 
— 7 (aa) [C1 + at)(eiomt — g—Jomt) 


+ (aja, — jaz)(efomt + aa) (14) 


Me ges A=1 + (aj — a3)? + ay + a3) (15) 


Hence 


i = I) cos b {sin [(@p + wy)t — val + a + at + a) 
(1 +a? — a)? Vi 
2 2 Pap 
{[ 144 (oe + age cos (o,f — y) 


+ Ip sin b{cos [(wo + wg)t — (a + at + a@)ay 


2(1 + a?) |? 4a3 He : 
iL: —1+a+a Yi + a} + a)? gpd 
(16) 
where 
a, = tangs (17) 
a, = tang (18) 
a2 
= 19 
dake dae ay(1 + at — a3)/(1 + at + a3) od) 
2a 
‘= 20 
tan y ae aa ( 
Putting in the conditions for exact resonance, 
i.e. wy=0=a,=pandy=¢ (21) 
Then i = Ip sin wot[1 + mcos ¢ cos (wt — ¢)] (22) 
But v = Vosin wot(1 + m COs Wnt) (23) 


which shows that the modulation components of the applied 
voltage and current have a phase difference of d, and when 


p =n/4 m 


OQ = /2w, - 
When the tuning is not exact, there is an error in phase given by 
Ci ¢), and a phase-modulation term. However, the phase 
error depends on the square of the frequency error, SO that the 
limiting value of the phase difference as determined by the phase 
meter should determine the exact tuning position. 
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(7.2) Phase Shift Caused by a Resistance and a Capacitance in 
a Series Circuit 
Let a sinusoidal voltage v = Vo cos w,,¢ be applied to a series 
RC circuit, and consider the voltage which is developed across 
the capacitance. 
The voltage is given by 


Voeiont) (25) 


1 
R Cenece 
1 + jw,,RC 
which, after rationalization of the denominator, and taking the 


real part becomes 


(COS Wt + WyRC sin wWyt)Vo 


1 + w2R*C? ee) 

Let w,RC = tan « (27) 
The voltage which is developed across the capacitance is given by 
Cos a COs (w,,t — «)Vo (28) 


If this expression is compared with the modulation component 
of the current which was given in eqn. (22), namely 


DISCUSSION ON THE ABOVE FOUR PAPERS BEFORE THE ELECTRONICS AND COMMUNICATIO 
SECTION, 23RD FEBRUARY, 1959 


Mr. J. Dain: In Paper No. 2789 the author calculates the 
distortion of an f.m. signal arising in a klystron connected to a 
mismatched load. This effect should be considered in conjunc- 
tion with the incidental amplitude modulation which arises when 
the klystron frequency is modulated. Thus, in principle, it is 
always possible to reduce the load pulling of the oscillator by 
incorporating a stabilizing cavity in the output circuit. Inevitably 
this increases the amplitude modulation so that the degree of 
stabilizing which is introduced must strike a compromise between 
the two types of distortion. Has the relative importance of the 
fm. and the a.m. distortion been considered? 

In Paper No. 2788 the authors describe a helix structure which 
they propose to use in a pulsed high-power travelling-wave tube. 
The helix has two disadvantages when it is constructed to 
propagate a wave with a phase velocity approaching the velocity 
of light, because the conductor tends to a straight wire running 
along the axis of the system. As a result considerable power 
flows external to the helix and the electric field tends to be purely 
transverse; both these effects reduce the coupling impedance 
presented to the beam by the structure. The structure shown in 
the paper avoids the high flow of power external to the helix 
by the addition of the conducting shield, but it does not alleviate 
the tendency of the electric field to become transverse. The 
coupling impedance would still be zero if the design was for a 
wave with a velocity equal to that of light. Other structures, 
such as the disc-loaded waveguide, do not have this restriction, 
although of course their bandwidth is more limited. Perhaps 
the authors would make some comment. 

On the atomic scale Nature works in discrete, quantized steps; 
on the macroscopic scale she prefers to work gradually and avoid 
sudden changes as much as possible. I suggest this should be 
borne in mind when designing the output system of a high-power 
klystron. The r.f. energy carried by the beam should not be 
extracted at one resonator gap spanned by a voltage which is 
about equal to the direct beam voltage. Instead, for example, it 
should be removed at two resonator gaps spanned by voltages 
of suitable phase and each of magnitude approximately one-half 
the beam voltage. Theoretically this system should have a 
bandwidth twice that of the single cavity. The logical conclusion 
of this process is to increase the number of cavities even further 
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mcos ¢ COs (Wt — Plo 


it is then clear that, for co) = a, the phase and amplitude de 
dencies are the same for both expressions. 

Furthermore, if 
cotiée=lentu c.Jo0 ee 


then Cy = 1 RC = 20 0 ee G 


(7.3) Some Experimental Results 


For the first cavity, with the drift tubes, 14 measurements g 
the result Q = 62500 with a probable error of 500. Anot 
series of ten measurements for the first cavity, with the dr 
tubes, gave the result Q = 62300, with a probable error of 45 

For the third cavity, without the drift tubes, 21 measureme 
gave the result Q = 78000 with a probable error of 1 400. 

The second cavity was measured without the drift tubes befo 
the final form of the measuring equipment had been realiz 
As a consequence the result is rather poor, and the result 
OQ = 79000 with a probable error of 3 000. 

Nevertheless, this probable error was much smaller than t 
obtained using other methods for the Q-factor measurement. 


and so, perhaps, arrive at an output system which is a compromi 
between a single-cavity circuit and a travelling-wave circuit. _ 

I should like to draw Mr. James’s attention to a paper'| 
Keith-Walker* dealing with the measurement of Q-factors 
excess of 10°. The apparatus described included a neat frequen: 
discriminator used in conjunction with an f.m. klystron. TE 
arrangement avoids stabilizing the oscillator frequency and resu} 
in greater simplicity of the apparatus. 

Mr. R. B. R.-Shersby-Harvie: The simple and elegant methe 
of measuring Q-factor described in Paper No. 2847 can } 
regarded in another way. It can be seen that the resonator hi 
a linear rate of change of phase in the response over the sma 
bandwidth. This means that a time delay can be expected in tl 
outgoing signal from the ingoing, but, if the bandwidth of t! 
signal is not too great, not much shape distortion will be expecte 
In fact, the shape of the modulation is not very importar 
Would it be possible in some applications, where it is not ve. 
convenient to modulate sinusoidally, to use a pulse? FE 
instance, if the response is plotted against time with a sha 
square pulse the usual response building-up and decaying 
obtained, which is a perfectly legitimate way of measuring QO 
decay time. On the other hand, if a more rounded pulse with 
narrower bandwidth were used, possibly a signal of the sar 
shape but delayed in time would be obtained. Has the auth: 
carried out any experiments with pulses, or has he any ideas « 
what would happen? 

Dr. G. D. Sims: In Section 1 of Paper No. 2788 is is stated th 
the helix structure can be used in a travelling-wave tube of t 
order of 30% efficiency. Why are people still content to ma 
tubes with efficiencies as low as this? Fairly clearly, with lo 
level tubes these efficiencies are sufficient, but for handling hi 
power it is time the problem was examined further. 

If the tube is 30% efficient, 70% of the d.c. input power 
wasted, of which some will be dissipated in the structure itse 
but most will be left on the beam at the end of its transit throu 
the slow-wave structure. I wonder how much of this lat: 
power is wasted, because by the time the end of the slow-we 


4 * ee D. G,: ao Equipment for Measuring the Attenuation of L 
Oss Waveguide Transmission Lines’, Proceedings I.E.E., Paper No. 2838 R, Ji 
1959 (106 B, Suppl. 13, p. 71). . . “a 


cture is reached the beam has given up perhaps 50% of its 
fotal energy and is very much out of step with the travelling 
ve. 
is idea is familiar in linear accelerator work. In an accelera- 
the phase velocity is always arranged so that the particles in 
beam stay in step with the wave, right down the length of the 
With a 200kV beam, if the beam gives up 50% of its 
wer in travelling through the tube, a 12°% reduction in velocity 
will take place between the input and output ends. Could not 
graded phase-velocity structures be used for travelling-wave 
es similar to those used in linear accelerators? 
‘The authors wanted to make use of as many parts of the 
nal klystron as possible in making up their travelling-wave 
Why did they not retain the buncher resonator from the 
tron and send a ready-bunched beam into the helix? Might 
s not also have resulted in some increase in efficiency? 
\dmittedly the bandwidth of the valve would be reduced, but 
re is no reason why a useful tube of intermediate bandwidth 
hould not be made, provided that a low-Q buncher is used. 
Mr. N. D. West: At the Atomic Energy Research Establish- 
nent, we are building a 15 MeV linear accelerator as an injector 
a 7GeV proton synchrotron. The accelerator will consist 
a single resonant cavity, similar in structure to those described 
Paper No. 2847, and will resonate at 115 Mc/s with a Q-factor 
about 10°. We also wish to make accurate Q-factor measure- 
nts, and have decided to adopt the author’s method as 
gested by him earlier in a C.E.R.N. internal report. 
We have constructed suitable apparatus, employing the RC 
hase-shift network, in which zero phase difference between the 
wo a.f. signals is detected using a long-tailed-pair difference 
mplifier. The apparatus has been tried out on a test cavity having 
a Q-factor of about 40000. Varying both the modulation fre- 
ency and the ratio R: C in the phase-shift network, several 
readings of Q-factor were obtained, all of which were within 1% 
of the mean value. 
_ It was found possible to take readings very quickly, so that 
Grift in the frequency of the r.f. oscillator or in the cavity resonant 
frequency created no difficulty. As little circuitry as possible 
employed in order to avoid unwanted phase shifts, and by 
‘using the phase-shift network method no measurement of audio 
eruency is required, since the Q-factor is given simply in terms 
of calibrated values of R and C. Soy 
_ We have found this method of @ measurement very successful 
at this frequency and Q value, and I would like to ask Mr. James 
ifhe feels that this method has any application at other frequencies, 
in particular, in the microwave region. 
_ Mr. W. E. Willshaw: It is clear from the presentation of 
Paper No. 2789 that the author deliberately simplifies the problem 
as far as he can to make the results accessible to analysis. In 
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Section 2 he ignores any difference there may be between the 
static and dynamic Riecke-diagram characteristics of the klystron. 
Not to do this involves considerable difficulty, but in applying 
this analysis to a practical case, has the author any views on how 
significant the difference might be? One is concerned here with 
a self-oscillator valve with a finite build-up time, and the change 
of frequency due to the reflections of the load system cannot take 
place instantaneously. How significant is this effect? 

Has the author any experimental data relating the analysis he 
has done to modulation characteristics in actual reflex klystrons? 

Mr. D. T. Swift-Hook: In Paper No. 2788, the beam power of 
20 MW associated with the bandwidth of a helix offers the 
possibility of a considerable advance in the travelling-wave-tube 
field. What applications do the authors envisage for such a 
bandwidth at this power level? 

‘While it is true that helix-type travelling-wave tubes known at 
the present time are relatively low-power devices when compared 
with the 20 MW aimed at in the paper, they are not quite as low- 
power as the one cited by the authors which has only a 30-watt 
beam. Tubes are commercially available in this country at 
S-band with continuous beam power of more than six times 
the power quoted. At the recent convention on microwave 
valves a pulsed X-band helix tube was described having a 
beam power of 10kW and an r.f. power of more than 1 kW. 
An experimental valve has been made with a beam power of 
60kW; this valve was for a c.w. v.h.f. television transmitted 
centred on 750 Mc/s and had a power output of 14kW. While 
still not in the megawatt class, I think these figures give a better 
idea of the state of existing valves. 

Concerning the large wire diameter (0: 16 of the helix diameter), 
sheath helix analyses have already been shown to be useful for 
wire diameters as large as 0:26 of the helix diameter, as in the 
X-band pulsed tube already mentioned. 

Can the authors say what limitations they expect due to back- 
ward-wave oscillations on their unstrapped helix, and how far the 
bandwidth will be reduced by the strapping required to reduce 
these spurious oscillations ? 

Can the authors give the latest information on the hot valve? 
Has a beam yet been put down this very interesting structure? 

Mr. B. B. Jacobsen (communicated): The static approach used 
in Paper No. 2789 is approximate in that it appears not to take 
into account the fact that at least the outer sideband components 
of the wave reflected from the load will be reflected back from 
the oscillator, which one would imagine to have a very high 
reflection factor at frequencies removed from the instantaneous 
carrier frequency. 

Figs. 4-7 would have been much more meaningful if they had 
been expressed in terms of the logarithm of the reflection factor 
rather than in terms of the v.s.w.r. of the load. 


THE AUTHORS’ REPLIES TO THE ABOVE DISCUSSION 


_ Mr. D. T. Giessing (in reply): In reply to Mr. Dain, the fre- 
quency pulling described in the paper will no doubt give an 
additional amplitude modulation. However, for all practical 
applications of a klystron as a frequency modulator, an operating 
point in the Riecke diagram will be so chosen that the change in 
output power resulting from the pulling effect is small—certainly 
less than 10%. The amplitude limiter on the receiver will then 
remove this amplitude modulation before the f.m. signal is 
detected. If, however, the f.m. klystron is feeding an a.m. distor- 
tion signal into, for example, a travelling-wave tube, this may lead 
to phase distortion. This distortion source is, however, easily 
neutralized by connecting the klystron directly to the power 
amplifier, thus nullifying both types of pulling distortion. I do 
not think it is commendable to use a stabilizing cavity as a means 


of reducing the pulling effect of a fm. klystron as this will have a 
highly undesirable effect on the modulation properties of the 
klystron if the coupling of the cavity, its Q-factor and resonance 
frequency are not very carefully chosen. 

In reply to Mr. Willshaw, I find it difficult to visualize how 
the static Riecke diagram can be different from the dynamic one 
for cases of practical significance. It is well known that, as far 
as the dynamic modulation characteristics are concerned, the 
amplitude modulation begins to depart from static behaviour 
when times comparable with the decay time of the loaded cavity 
or frequencies comparable with the bandwidth of the cavity are 
involved. As regards frequency modulation with small devia- 
tions about the maximum power point, there is no time rate of 
change of energy stored in the circuit and one would not expect 
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any difference between the static and the dynamic case. Even 
though this argument is related to the control of the electron 
beam by a voltage applied to an electrode, I see no reason why 
the same argument could not be applied to the case where the 
electron beam is affected by a field resulting from a wave reflected 
back from a mismatched load. I have performed no compre- 
hensive experimental investigation with the view to confirm the 
- results derived in the paper. 

Contrary to Mr. Jacobsen’s opinion, I do not believe that the 
outer sideband components of the reflected wave impingent upon 
the oscillator will be reflected back to an extent appreciably 
greater than the centre frequency component. It is easy to show 
that, whether the klystron cavity is greatly undercoupled or over- 
coupled, the ratio of the half-power v.s.w.r. to the v.s.w.r. at 
resonance is 2 for the loaded cavity. This means that for a 
typical Q-factor of 100 at 4000 Mc/s the v.s.w.r. for sidebands 
as far out as 20 Mc/s is not more than twice that at the carrier 
frequency. 

Messrs. G. W. Buckley and J. Gunson (in reply): Fig. 4 
supports the power-flow comments of Mr. Dain and shows the 
division of the power flow both inside and outside the helix. 
It is seen, however, that the internal power flow is by no means 
negligible. 

The fundamental transverse components of the electric field 
contain the factor B/y, whereas the axial component does not. 
Whilst 8/y tends to infinity as the phase velocity approaches the 
velocity of light, when v; = 0-67c, B/y is only about 1-3. Hence 
the resultant electric field is far from being purely transverse. 

It is true that the coupling impedance of the helix is alge- 
braically zero when the supported wave has a phase velocity 
equal to that of light. However, this is scarcely a real point 
against the helix, as it would have degenerated into a straight 
conductor parallel to the electron beam. (It is worth noting 
that under this condition, the energy of the electrons is alge- 
braically infinite.) There must be some practical limit to the 
magnitude of the phase velocity of helix which is useful in a 
travelling-wave tube. The higher the phase velocity, the higher 
must be the voltage of the electron gun. This implies physically 
larger electron guns than are known at present if a perveance 
of 10-© is to be preserved. Electron guns have worked at 
400 kV, but they have also been the seat of unwanted oscillations 
due to feedback through the anode drift tube. Accordingly, it 
would seem that for a practical tube the limiting factor is not 
necessarily the helix. 

Weshare Dr. Sim’s sentiments about low conversion efficiencies. 
These apply equally to the megawatt types of klystron which 
have efficiencies of the order 30-40%. As yet, however, we are 
unaware of a practical method of increasing this efficiency 
although severai schemes have been put forward. 

The paper records the results of an investigation of the ‘cold’ 
properties of a particular helix structure. The next step is to 
examine the properties of the structure in conjunction with an 
electron beam. If travelling-wave amplification resulted with an 
efficiency of about 30%, we would be delighted. Only at this 
stage in the programme would we be justified in considering 
modifications to the uniform helix. Grading the phase velocity 
to suit the slower electron beam seems to be a promising idea 
and was suggested by the late Dr. A. W. Aikin a few years ago. 

The behaviour of the structure in conjunction with an electron 
beam is the only safe way of determining whether backward wave 
oscillations exist. We are hopeful of success with the strapped 
Structure as the currents in adjacent helix members are tied 
together. In addition, we believe the fundamental mode to be 
basically unchanged and think the higher modes have been 
considerably modified. 


We thank Mr. Swift-Hook for the present-day information 
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on travelling-wave tubes and are pleased to substitute a 180-we: 
beam for one of 30 watts. However, the text of the paper w 
prepared before the 1958 Microwave Convention and we W 
unaware at that time of Mr. Swift-Hook’s X-band helix tu 
We are encouraged by its success and are glad to know tl 
magnitude of the ratio of wire to helix diameter. Naturall 
we are curious to know the magnitudes of the correspond 
radial propagation constant and the helix diameter. 

Messrs. H. J. Curnow and L. E. S. Mathias (in reply): TI 
possibility of using two output cavities, coupled to each oth 
and to the beam, was considered before adopting the sche 
described. Such an arrangement would at first sight give th 
same bandwidth, with possibly higher efficiency, but at tk 
expense of greater mechanical complexity. Moreover, tk 
coupling of the cavities by the electron beam complicates tk 
situation, and may even lead to oscillation. 

In general, cross-breeds between klystrons and travelling-wax 
tubes are unlikely to be successful, as the high-signal-ley 
bunches produced by one system are not suitable for injecti 
into the other. 

Mr. F. H. James (in reply): I am very grateful to Mr. J. Dai 
for bringing Mr. Keith-Walker’s paper to my notice. There aa 
two criteria which may be used in order to determine th 
applicability of the method which is described in my pape: 
The first is the ratio of the resonant frequency to the Q-facto: 
This ratio determines the bandwidth over which the inpv 
channels of the phase-difference detector are identical, withi 
the limits of the desired accuracy. For example, consider, 
resonant frequency of 25 Gc/s and a Q-factor of 107; this banc 
width requirement is the same as that for a resonant frequenc 
of 200 Mc/s and a Q-factor of 8 x 10*. The second criterio 
is the facility with which one can amplitude modulate a 
oscillator. Clearly at 200 Mc/s the second criterion is easil 
satisfied. The types of oscillator which are used in the micr« 
wave region are more difficult to amplitude modulate withon 
attendant frequency modulation. The analysis which was give 
in the paper may easily be extended to include the effects ¢ 
parasitic frequency and phase modulation, and from this analys 
it is possible to determine the permissible parasitic modulatio 
indices when the 7/4rad detector is used. This difficulty is 
possible reason for preferring other methods at microwa\ 
frequencies. 

Using the 77/4 rad detector the bandwidth is restricted only t 
the cavity signal branch of the system, so that, if harmonics « 
the modulating frequency are present, distortion of the origin 
modulation signal will occur only in this branch. Consequent 
there will be an error in the measured Q-factor. If, however, tl 
zero rad phase detector is used and an RC circuit is included in tl 
reference signal branch, the bandwidths and associated di 
tortions of the two branches are equalized by the correct adjus 
ment of the RC network. Thus the second alternative which 
outlined in the paper, and has been used by Mr. West, is certain 
the better procedure, since the phase detector is simpler and tl 
harmonic content of the modulation is not important. 

In reply to Mr. R.-Shersby-Harvie, our experiments have be 
confined to the use of approximately sinusoidal amplitu 
modulation. His example of a sharp pulse or a moderate 
rounded one may be taken as a modulating signal with hig 
harmonic content, for which the zero rad phase-difference detect 
can be used in conjunction with an RC circuit. In this case t 
time delays and attenuations of all harmonics due to the Q-fact 
of the cavity are simultaneously equalized by the RC circuit 
the reference branch; the final shapes of the output pulses a 
the same, and the pulse repetition frequency should not aff 
the phase equality between the two branches, provided that t 
RC circuit is in correct adjustment. 
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SUMMARY 
a tapered section is suitably matched at the transitions between 
uniform waveguides, the electrical length of the taper is usually 
en to beits physical length. It is shown here that a small correction 
ecessary on account of the cylindrical nature of the wave which 
pagates in the taper region, and a simple expression for the correc- 
on is found for a rectangular waveguide in the dominant mode. 


(1) INTRODUCTION 


The measurements of phase or position of standing-wave 

erns in a waveguide are usually conducted in the guide itself, 
ough the use of a slotted line. Occasionally, however, it may 
convenient to perform the measurements in a waveguide of 
erent dimensions, because of a design involving non-standard 
de, the availability of an instrument in another guide size, or 
some other reason. Under these circumstances it is normal 
fo use a gradual taper from the one waveguide to the other, 
phase measurements then involving the length of tapered 
‘ansition. Owing to reflections at the junction of the tapered 
tion with the uniform waveguides, matching elements must be 
used if errors are to be avoided. Both in checking such matching 
ices and in the measurements themselves, the effective elec- 
ical length of the taper is needed, and this should, of course, 
sree with the deductions from measurements using a short- 
cuiting plunger in the waveguide under test. Any discrepancy 
requires explanation before the arrangement can be considered 
Teliable, and for this purpose the effective length of the taper 
must be known. 
It is usually assumed that the electrical and physical lengths of 
the taper are the same, the taper being designed to be of such a 
* that the discrepancy due to the difference between the 
slant and axial lengths can be ignored, and at the same time 
dine a fairly good match at the transition. However, the 
propagation of an electromagnetic wave in a taper involves 
cylindrical functions whereby the electric and magnetic com- 
ponents turn out to be not exactly in phase, especially near the 
Origin. This gives rise, on the one hand, to a slight mismatch at 
the transition from uniform to tapered waveguide,* and on the 
Other to a small alteration in the effective length of the taper. The 
purpose of the paper is to explain how this comes about, and to 
give a formula for the correction. To this end we will analyse 
the simplest possible arrangement, namely two parallel plates 
tapering (linearly) from a uniform section. The tapered section 
will continue either to infinity (the matched case) or will be short- 
Sircuited by a cylindrical end-cap (the short-circuited case). A 
cylindrical rather than a flat end-cap is used to avoid introducing 
complications due to phasing errors arising from the difference 
between the slant and axial lengths of the taper: as already 
explained, these will, in practice, be small enough to ignore. 


(2) THE ELECTROMAGNETIC FIELD 
Fig. 1 shows two parallel plates, of spacing b, which taper 
from x = 0 with a half angle Po- The effective vertex of the 
* Lewnn, L.: ‘Advanced Theory of Waveguides’ (Iliffe, 1951), p. 115. 
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PHASE MEASUREMENTS THROUGH TAPERED JUNCTIONS 


By L. LEWIN, Associate Member. 
(The paper was first received 4th November, and in revised form 20th December, 1958.) 


EFFECTIVE 
VERTEX 


x= 


Fig. 1.—Uniform taper from parallel-plate region, terminated by 
cyclindrical end-cap. 


taper is at x = — rg, from which point the radial vector r is 
measured. Atr =/j, corresponding to x = J, the taper length, 
the taper is terminated with a cylindrical end-cap. The field in 
the uniform section may be written 


E, = eS + Retkx 
H, = e~5* — Reikx } , () 
where k = 27/\ and R is the voltage reflection coefficient. (In 


a waveguide of finite height it is sufficient to replace k by 
k’ = 2n/A, at the end of the analysis.) 

Consider first the case of a matched termination. Then there 
will be no reflections from the right of the junction, the field in 
that region being given by 


Ey = TH (kr) 


H, =jTH(kr) 2) 
Here T is the transmission coefficient and H{?} are the Hankel 
functions of the second kind of zero and first order, representing 
outgoing waves. They possess asymptotic expansions which, for 
large values of argument (small taper angles), can be written 
approximately as 


H(z) = (2/7z)"? exp [jz/4 — j(z — 1/82)] \ : 
H(z) & (2/2z)"* exp [j37/4 — j(z + 3/82)] | G3) 
The functions of the first kind, with superscript unity and 
representing incoming waves, differ from eqn. (3) only in having 
the sign of j reversed. 
On equating the fields from eqns. (1) and (2) at the centre of 
the transition* the following equations are derived: 


1+ R=THKr) ) 


1 — R=jTHkro) 4) 
From these the admittance at the junction is deduced as 
eR NP Ge) 
1+ R  Af(kro) 
~ e@fl2kro from eqn. (3) 
~1+4j/2kro By tees leat) 
+ Since only relative values are of concern in the paper, it is convenient to take 


units such that the wave impedance of free space is unity. 
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Hence the effect of the junction on the admittance is to insert a 
parallel susceptance j/2kro. This can be tuned out by means 
of a parallel inductance of normalized value 2krg, and it is 
assumed that this is done. Failure to do so will involve phase 
errors due to the mismatch, while matching by means of a 
series inductance, which is also possible, introduces a T-network 
at the junction, also with a phase change. 

Reverting now to the short-circuited case, the field to the 
right of the junction must be modified from eqn. (2) to give 
zero electric field at r =r, at the cylindrical end-cap. If A is 
the amplitude of the field in this region, 


Es = A[HP(kNH{M(kr:) — APENA Pr] ; 6 
H, = jA(HOKNB Mr) — HOENEO Er] 


With the help of the asymptotic expansions (3) the admittance 
at the junction can be written 
: mt use| 1 
ae — J COS IG SR See) = (kro as =) 
eats: 3 3 
sin IG _ se) = (kro — Skr, | 


Now, if the argument of the cosine is written in the form 


(7) 


3 3 1 
(Ari + a) — (kro + am) oR 
and the cosine is expanded, in relation to the small quantity 
1/2kro, by means of the formula cos (x + 6) ~ cos x — Ssin x, 
then eqn. (7) for the admittance can be written 


Y ~ —jcot (kl) + j[2kro (8) 


THROUGH TAPERED JUNCTIONS 


ee (kr +a) _ (Aro + ar) “| 
2 ae 
ac Soe 


since r,; — ro = /, the physical taper length. 
On comparison of eqns. (8) and (5) it is seen that the equival 
circuit is a reactance, representing the reactive effect of ti 
junction, in parallel with a short-circuited line of phase ang 
given by eqn. (9). | 
For a fixed frequency the tapered line accordingly apped 
shorter than the physical length by an amount 
3(1/ro = 1/r,) 

él — @ 2 DRM . . ° ° - : 

However, if it should be the difference in phase which is | 
interest as the frequency varies, differentiation of eqn. (9) wi 
respect to k (or 1/k) is required, leading to the introduction ofi 
minus sign, so that the line appears longer by the same amout 


where 


= kl 


(3) EXAMPLE 
As an example to indicate the orders of magnitude which ma 
be involved, consider a 34in taper from waveguide 4#in wide 
one 4in wide at an operating wavelength giving rg =4in. F 
this arrangement the difference between axial and slant lengti 
is (1/3 — 1/8)?/34 = 0-006 in, and is probably negligible. (TH 
would be a reasonable taper size to use in practice, althous 
the junctions would require matching with diaphragms.) 
From the geometry of Fig. 1 we get, in the present cas 
rg = 2-1lin andr, = 5-6in. | 
Hence, from eqn. (10) we find 6/ = 0-045in. This is not 
large error, but it is sufficiently important to be taken ia 
account when performing accurate measurements. Failure 
do so would cause a discrepancy in relating short-circuit measur 
ments to expectations. The occurrence of a field-pattern mit 
mum apparently a short distance behind a physical short-circt 
was, in fact, the starting-point which led to the prese 
investigation. 
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